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PREFACE. 


‘Tas book is designed to be used quite as much in the la- 
boratory or with specimens in hand, as in the class-room. If 
Zoology is to be studied asa mental discipline, or even if the 
student desires simply to get at a genuine knowledge, at first 
hand, of the structure of the leading types of animal life, 
he mast examine living animals, watch their movements and 
habits, and finally dissect them, as well as study their mode 
of growth before and after leaving the egg or the parent, as 
the case may be. But the young student in « few weeks’ 
study in the laboratory cannot learn all the principles of the 
science, Hence, he needs a teacher, a guide, or at least a 
manual of instruction. This work is an expansion of a 
course of lectures for college students, but has been pre- 
pared to suit the wants of the general reader who would ob- 
tain some idea of the principles of the science as generally 
accepted by advanced zoologists, in order that he may under- 
stand the philosophical discussions and writings relating to 
modern doctrines of biology, especially the law of evolution 
and the relations between animals and their surroundings. 

‘The book has been prepared, go far as possible, on the in- 
ductive method. The student is presented firet with the 
facts; is led to a thorough study of a few typical forms, 
taught to compare these with others, and finally led to the 
principles or inductions growing out of the facts. He has 
not been assailed with a number of definitions or diagnoses 
applicable to the entire group to which the type may belong 
before he has learned something sbout the animals typical 
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of the order or class ; but these are placed after a description 
of one or a few examples of the group to which they may 
belong. The simplest, most elementary forms are first no- 
ticed, beginning with the Protozoa and ending with the Ver- 
tebrates. In working up from the simplest forms to thoso 
more complex, it is believed that this is the more logical and 
philosophical method, and that in this way the beginner in the 
science can better appreciate the gradual unfolding of the lines 
of animal forms which converge toward his own species, the 
flower and synthesis of organic life. Still the learner is ad~ 
vised to begin his work by a study of the first part of Chap- 
ter VIEL, on Vertebrates, and to master, with a specimen in 
hand, the description of the frog, in order that he may have 
a standard of comparison, a point of departure, from which 
to survey the lower forms. 

Particular attention has been given to the development of 
animals, a8 this subject has been usually neglected in ench 
manuals. Some original matter is introduced into the book ; 
a new classification of the Crustacea is propesed, the orders 
being grouped into the subclasses Neocarida and Paleocnr- 
ida. Most of the anatomical descriptions and drawings 
have been made expressly for this book, and here the author 
wishes to acknowledge the essential aid rendered by Dr. ©, 8. 
Minot, who has prepared the drawings and descriptions of 
the fish, frog, snake, turtle, pigeon, and cat. 

In compiling the book, the author has freely used the 
larger works of Gegenbanr, Huxley, Peters and Carus, Claus, 
Rolleston, and others, whose works are enumerated at the 
end of the yolume,and in many cases he has paraphrased 
or oven adopted the author's language verbatim when it has 
suited his purpose. Besides those general works many mon- 
ographs and articles have been drawn upon, 

Tn order to secure a greater accuracy of statement, and to 
render the work more authoritative as a manual of Zoology, 
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the anthor has submitted the manuscript of certain chapters 
to naturalists distinguished by their special knowledge of 
certain groups. The manuscript of the sponges has been 
read by Professor A. Hyatt ; of the worms and Mollusca, by 
Dr. Charles S. Minot; of the Echinoderms, by Mr. Walter 
Faxon; of the Crustacea, by Mr. J. 8, Kingsley. Proofs of the 
part relating to “the fishes have been revised by Professor 'T. 
Gill, whose classification as given in his ‘* Arrangement of 
the Families of Fishes,” has been closely followed, his defin- 
itions having been adopted often word for word. The man- 
uscript of the Batrachians and Reptiles has been read by 
Professor E. D. Cope, whose classification, given in his 
“ Check-List of North American Batrachia and Reptilia,” 
has been adopted. Proofs of the part on birds have been 
read by Dr. Elliott Cones, U.S.A., whose admirable “ Key 
to the Birds of North America” has been freely used, the 
author's words having been often adopted without quotation- 
marks. Dr, Coues has also revised the proofs of the pages re- 
ferring to the Mammals. To the friendly aid of all these 
gentlemen the author is deeply indebted. 

As to the illustrations, which have been liberally provided 
by the publishers, a fair proportion are original. The full- 
puge engravings of the anatomy of the typical Vertebrates 
have been drawn expressly for this work by Dr. C. 8. Minot ; 
anomber have been prepared by Mr. J. 8. Kingsley ; Prof. 
W. K. Brooks has kindly contributed the drawing of the 
nervous system and otocyst of the clam, and a few of the 
sketches are by the author. 

‘The publishers aro indebted to Prof. F. V. Hayden 
for illustrations kindly loaned from the Reports of the U.S. 
Geological Survey of the Territories; a few have been 
loaned by Prof. S. F. Baird, U.S. Commissioner of Fish and 
Fisheries, and the members of the U.S. Entomological Com- 
mission ; a number have been loancd by the Peabody Acad- 
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omy of Science, Salem, Mass.; by the publishers of the 
American Naturalist, and by the Boston Society of Natural 
History, while forty of the cuts of birds have been electro- 
typed from the originals of Coues’ Key. 

Measurements are usually given in the metric system ; in 
such cases the approximate equivalent in inches and fractions 
of an inch being added in parenthesis. 

Should this manual aid in the work of education, stimu-~ 
late students to test the statements presented in it by person- 
al observations, and thus elicit some degree of the inde- 
pendence and solf-reliance characteristic of the original in- 
vestigator, and also lead them to entertain broad views in 
biology, and to sympathize with the more advanced and 
more natural ideas now taught by the leading biologists 
of our time, the author will feel more than repaid. 

Brows Ustverstry, 

Providence, R. 1., October 25, 1870, 
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2 ZOOLOGY. 


early observers regarded them as ‘‘ animal flowers ;’? and in 
consequence of the confused notions originally held in regard 
to them the term Zoophytes has been perpetuated in works 
on systematic zoology. Even at the present day the com- 
pound Hydroids, such as the Sertularia, are gathered and 
pressed as sea-mosses by many persons who are unobservant 
of their peculiarities, and unaware of the complicated anat- 
omy of the little animals filling the different leaf-like cells, 
Sponges until a very late day were regarded by our leading 
zoologists as plants. The most accomplished naturalists, 
however, find it impossible to separate by any definite linea 
the lowest animals and plants. So-called plants, as Bacte- 
rivm, and so-called animals, as Profam@bda, or certain mo- 
nads, which are simple specks of protoplasm, without gen- 
nine organs, may be referred to cither kingdom ; and, in- 
deed, a number of naturalists, notably Haeckel, relegate 
to a neutral kingdom (the Profixta) certain low- 
est plants and animals. Even the germs (zo- 
ospores) of monads like Uvella (Fig, 1), and those 
of other flagellate infnsoria, may be mistaken 
for the spores of plants ; indeed, the active fla- 
Fig.1.—Uret. Zellated spores of plants were described as in- 
baj2, Migctite fusoria by Ehrenberg ; and there are certain 80- 
mone with called flagellate infusoria so much like low 
veal «i plants {such as the red snow, or Protococens), 
‘iug in the form, deportment, mode of reproduc- 
tion, and appearance of the spores, that even 
now it is possible that certain organisms placed among them 
are plants. It is only by a study of the connecting links 
between these lowest orguniams leading up to what are un- 
doubted animals or plants that we are enabled to refer these 
beings to their proper kingdom. 

Asa rule, plants have no special organs of digestion or 
circulation, and nothing approaching to a nervous system. 
Most plants absorb inorganic food, such as carbonic acid * 
gas, water, nitrate of ammonia, and some phosphates, silica, 
eto, ; all of these substances being taken up in minute quan- 
tities, Low fungi live on dead animal matter, and promote 
tho process of putrefuction and decay, but the food of these 
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organisms is inorganic particles. ‘The slime-moulds called 
Myxomycetes, however, envelop the plant or low animals, 
much a4 an Amada throws itself around some living plant 
and absorbs its protoplasm ; but Myxomycetes, in their man- 
ner of taking food, are an exception to other moulds. ‘The 
lowest animals swallow other living animals whole or in 
pieces ; certain forms like Amaba (Fig. 2) bore into minute 
algw and absorb their pro- 

toplaam ; others engulf sili. 

cious-shelled plants (diatoms 

and deamids) and absorb the 

protoplasm filling them. No 

animal swallows silica, lime, 

or ammonia, or phosphates 

as food. On the other hand, 2.—Ameatbs a Protozoan. The right- 
plants manufacture or pro- an sisi Paes 
duce protein in starch, albn- mans. * 
men, sugar, etc., which is animal food. Plants inhale car- 
bonie acid gas and exhale oxygen; animals inhale oxygen 
and exhale curbonic acid ; though Draper has discovered 
that, under certain circumstances, plants may exhale car- 
bonic acid, 

Animals move and have special organs of locomotion ; 
few plants move, though some climb, and minute forms 
have throad-like processes or vibratile lashos (cilia) resem- 
bling the flagella of monads, and flowers open and shut, but 
these motions of the higher plants are purely mechanical, 
and not performed by special organs controlled by nerves. 
The mode of reproduction of plants and animals, however, 
is fundamentally identical, and in this respect the two king- 
doms unite more closely than in any other. Plants also, 
like animals, aro formed of cells, the latter in the higher 
forms combined into tisenes. 

As the lowest plants and animals are scarcely distinguiah- 
able, it ia probablo that plants and animals first appeared 
contemporancounly ; and while plants are generally said 
to form the basis of animal life, this is only partially true ; 
a large number of fungi are dependent on decaying animal 
matter; and most of the Profozoa live on animal food, sa 
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do a large proportion of the higher animale. The two 
kingdoms supplement each other, are mutually dependent, 
and probably appeared simultaneously in the beginning of 
things. It should be observed, however, that the animal 
kingdom overtops the vegetable kingdom, culminating in 
man, 

In speaking as we have of low animals and high animals, 
‘we are comparing very unequal quantities; the distance he- 
tween monad and man is.well-nigh infinite. But there isa 
series or chain, sometimes broken and often with lost links, 
connecting the extremes ; and as there are wide differences 
in form, so there are great extremes in the orguns and do- 
gree of complication of function of the simple as compared 
with the more complex forms. The improvised stomach of 
an Ameba is not comparable with the stomach of an hydra, 
nor is the stomach of the latter creature with that of a 
horse ; there is a gradual perfection and elaboration or spe- 
cialization of the stomach as we ascend in the animal series. 
So it is with organs of locomotion ; the pseudopods and cilia 
of the Protozoans are replaced in the star-fishes and worms 
by hollow tentacles or various fleshy soft appendages ; in 
crabs and insects by stiff, jointed limbs, with different lev- 
ermige systems; and these are replaced in vertebrates by 
genuine limbs supported by bones. A comparative view of 
the origin and structure of organs succeeds in this book the 
systematic account of the animals themselves. 

We thus soo that tho organs of the higher animals are 
merely modificutions of organs often having the same 
general functions as in the lower animals; the lower or 
simpler have preceded in geological history the higher or 
more specialized forms, and thus we are, in ascending the 
animal series, going from the simple to the complex. For 
this reason the plan of this work has been to lead the stu- 
dent from the simpler forms of animal life to the more 
complex; and though the vertebrate animals, such as fishos 
and dogs, are more familiar and interesting to us, tho seri- 
ons student of zoology will focl that it is more logical and 
hotter in the end to study the animal world in the order in 
which the different forms have appeared—as we believe, 





examination and comparison of the organs of 
animals belonging to distinct groups, ix called Comparative 
Anatomy. The study of Morphology also includes the rela- 
tion of the different organs to one another, and of all to the 
walls of the body. Finally, we need also to study the com- 
position of the tissues of the different organs ; vach kind of 
tissue being formed of different kinds of elements or cells. 
‘This department of Comparative Anustomy is called Histol- 
ogy (Greek, fords, web or tissue ; Adyos, discourse). It 
treats of the cell, and the combination of cells into germ. 
layers, tissues, and organs. 


of water, Cella are originally more or less 
snes, and the protoplasm forming the cell-mass is 
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well as the entire Amm@ba or monad, is all alike, being per- 
fectly homogeneous to the chemist or microscopist of our 
day. Yot potentially the protoplasm of different cells exerts 
widely different forces and capabilities. An egg-cell be- 
comes a man, whose brain-cells are the medium of the intel- 
lectual power which enables him to write the history of 
his own species, and to be the historian of the forms of life 
which stand below him. The cell is the morphol 

unit of the organic world, With cells the biologist can 
in the imagination reconstruct the vegetable and animal 
worlds. 

The primitive form of a cell, when without a nucleus or 
nucleolus, is called a cytode ; genuine cells have a nucleus, 
the latter containing a nucleolus. Animals composed of but a 
single cell, such as the Amada or an Infusorian, are said to be 
unicellular, Cells grow by absorbing cell-food—i.e., by the 
assimilation of matterfrom without, and this matter may be 
in masses of considerable size when seen under the microscope, 
Cella cae by self-division. The egg-cell undergoes 

division of the yolk into two, four, 

eight, and afterward many cells; the 

cells thus formed become arranged into 

At two layers or sets culled germ-layers. 

Es The outer is called the ectoderm and 

Sey the inner the endoderm. A third germ- 

layer arises between them, called the 

tin, mesoderm or middle germ-layer. From 

“ms these germ-layers, or cell-layers, the 

tissues of the body are formed, such aa 

muscle, bone, nerve, and glandular tissue. These tissnes 
form organs, hence animals (as well as plants) are called or- 
ganisms, because they have certain parts formed of a partic- 
ular kind of tissue set apart for the performance of a special 
sort of work or physiological lubor, ‘This separation of 
parts for particular or special functions is called differentia- 
fion ; and the highest animals are those whose bodies are 
most differentiated, while the lowest are those whose bodies 
are least differentiated ; hence high animals are specialized, 
and, on the other hand, Jow animals are simple, Thus dif- 
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ferentiation of organs inyolves the division of physiological 
labor. 


‘Tissues.—Of the different kinds of tissues there is, first, 
epithelial tissue (Fig. 4), consisting of cells of tho most prim- 
itive form, and placed side by side, forming a layer. All the 
organs develop originally from epithelium, which is the prim- 
itive cell-structnre and forms the tissues of the germ-layers. 
Epithelial colls form the skin of animals, and also the lining 
of the digestive canal. Tho cells of the latter may, as in 
sponges, bear a general resemblunce to a flagellate infuso- 


ie Serta en therough the of era a ewig 


riwn, ns Codosiga, or they may cach bear many hairs, called 
cilia, which by their constant motion maintain currents of 
the fluids passing over the surface of the epithelium. The 
tissue forming glands is simply modified epithelium. 
Connective tissue is formed by isolated rounded or elon- 
gated cells with wide spaces between them filled with a ge- 
Jatinots Auid or protoplasm, and occurs between muscles, 
ete. This tixsuo forms in the vertebrates the “ notochord "’ 
—i.¢., a rod supporting the bodies of vertebrate embryos. 
Gelatinous tissue is a variety of connective tissue found in 
the umbrella of jelly-fishes (Aurelia, etc.) Fibrous and 
clastic tisaue are also varieties of connective tissue. 
Curtilaginous tissue is characterized by cells aitusted in a 
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still firmer intercellular substance ; and when tho intercel- 
lular substance becomes combined with sults of lime form- 
ing bone, we have bony tissue. 

The blood-corpuscles originate from the mesoderm as 
independent cells floating in the circulating fluid, the blood- 
cells being formed contemporaneously with the walls of the 
vessels enclosing the blood. In the invertebrates tho blood- 
cells are either strikingly like the Ameda in appearance, or 

are oval, but’ still capable of 

lj : I} changing their form. Thus blood- 

corpuscles arise like other tissues, 

of eat rated Mnvcater Bhrllkexcept that the blood-cells are 
free, 

Muscular tissue is also composed of cells, which are at 
first nucleated and afterward lose their nuclei. From being 
at first oval, the colls finally become elongated and unite 
together to form the fibrille; these unite into bundles 
fosming muscular fibres, which in the vertebrates unite to 
form muscles, Muscular fibrille may be simple or striated 
(Fig. 5). The contractility of muscles is due en the con- 
tractility of the protoplasm 
originating in the cells forming 
the fibrille. 

Nervous tivsue is made up 
of nerve-cells and fibres pro- 
ceeding from them; the for- 
mer constituting the centres 
of nervous force, and usually 
massed together, forming a 
ganglion or nerve-centre from 
which nerve-fibres pass to the reek porta t fo the clase with 
periphery and extremities of nerve 
the body, and serve aa conductors of nerve-force (Fig, 6). 

Organs and their Functions.—Having considered the 
different kinds of cells and the tissues they form, we may 
now consider the origin of organs and their functions. ‘Tho 
Protammba inay be considered as an organless being. In 
Ameba (Fig. 11) wo first meet with a specialized portion of 
the body, set apart for the performance of a special function. 
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Such is the nuclens ; 80 that Amba is a genuine organism. 
Ascending to the flagellate Infusoria (Fig. 1), we have the 

developed as external, permanent organs of Jocomo- 
tion. In the Hydra (Fig. 36) the tentacles are organs 
whose functions are generalized. In the worms we have or- 
gans arranged in pairs on each side of the body, and in gen- 
eral among the higher invertebrates, especially the crusta- 
ceans and insects, and markedly in the vertebrates, we have 
the bilateral symmetry of the body still farther emphasized 
in the nature and distribution of the appendages. 

Of the internal organs of the body, the most important is 
the digestive cavity, which is at first simple and primitive in 
the gastrida or embryo of all many-celled animals, and os we 
ascend in the animal series we witness its gradual special- 
ization, the digestive tract being differentiated into dis- 
tinot portions (i.¢., the asophagus, stomach, and intestine), 
each with separate functions and with organs of respiration, 
digestion, secretion, and excretion set apart as offshoots or 
outgrowths from the main alimentary tract. In like man- 
ner the skeleton is at first simple and afterward is extended 
into the different organs, the various parts of the ap- 

i skeleton corresponding to the increased flexi- 
bility and diversified leverage power ; so that limbs become 
subdivided into joints, and these joints still further subdi- 
vided as we go from the points of attachment to the peri- 
phery or extremities, as scen in the tendency to an irrelative 
repetition of joints in the limbs and feelers of crustaceans 
and insects, and the digits of the lower vertebrates. 

Correlation of Organs.—Cuvier established this princi- 
ple, showing that there is a close relation between the forms 
of the hard and soft paris of the body, together with the 
functions they perform, and the habits of the animal. For 
exaniple, in a cat, sharp teeth for eating flesh, sharp curved 
claws for seizing smaller animals, and great muscular activ- 
‘ity coexist with a stomach fitted for the digestion of animal 
tather than vegetable food. Soin the ox, broad grinding 
teeth for triturating grass, cloven hoofs that give a broad 
‘support in soft ground, and a several-chambered stomach 
coexist with the habits and instincts of a ruminant. ‘Thus 
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tho form of the teeth presupposes either a ruminant or carni- 
yore. Henoe this prime law of comparative anatomy led to 
the establishment by Cuvier of the fundamental laws of 
paleontology, by which the comparative anatomist is en- 
abled to restore from isolated teeth or bones the probable 
form of the original possessor. Of course the more perfect 
the series of bones and teeth, or the more complete the re- 
mains of insects or mollusks, the more perfect will be our 
knowledge, and the less room will there be for error in re- 
storing extinct animals. 

Adaptation.—An organ with a certain normal use or 
function may be adapted, in consequence of a change in the 
habits of the animal, to another use than the original ono. 
‘Yo take an extreme case, the Anabdas, or climbing fish, may 
use its fins to aid it in ascending trees, On the other hand, 
by disuse organs become aborted or rudimentary. The 
teeth of the whalebone whale are rudimentary in the young, 
and are replaced by whalebone, which is more usefal to the 
animal ; the eyes of tho blind-fish are rudimentary, func- 
tionless, Those of certain cave-insects are entirely wanting, 
being lost through disuse, owing to a change of life from 
the light, onter world to totally dark caverns, and the con- 
sequent disuse of their eyes. Nature is economical, Every 
thing that is not of use a3 a rale disappears. It would be a 
waste of material to nourish and care for an organ in a cave- 
animal, or a parasitic insect or crustacean, which would be 
of no use tothe animal, On the other hand, if the leg or 
tail of a newt is snipped off by some rapacious fish, it 
grows out again. 

Moreover, the animal organism is far more pliable than is 
generally supposed. Not only is nature continually repair- 
ing wounds and waste, not only is the body being contin- 
ually made over again, but certain animals undergo a 
change of form, either generally or in particular parts. If 
the environment is unchanged, the animal remains true to 
its species. The dogma of the invariability or stability of 
species is a fallacy. Change the climate, moisture or dryness, 
the nature of the soil ; introduce the natural enemies of the 
animal or remove them ; destroy the balance of nature, in 
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other words, and the organism changes. The plants and 
animals of the mummies and monuments of Egypt are prob- 
ably the same as those now living in that country, because 
the climate and soil have remained the same. 

‘The assemblages of life that have successively peopled the 
surface of the earth, and which are geological time-marks, 
have probably become extinct because they could not adapt 
themselves to more or less rapid oscillations of continents 
and islands, to consequent changes of climate and the in- 
coming of destructive types of life. This probably accounts 
for the origin, culmination, and extinction of different 
types of life. The earth has been, and still is, in a state of 
unstable equilibrium. Organic life has been and is even 
now, in a degree, being constantly readjusted in harmony 
with these changes of the earth's surface and climate. Thus 
this adaptation of organs to their uses, of animals to their 
environment, the laws controlling the origination of new 
forms of life and the extinction of those which have acted 
their part and are no longer of service in the economy of 
nature, is part of the general course of nature, and evinces 
the Infinite Wisdom and Intelligence pervading and contin- 
ually operating in the universe.* 

Coupled with variability is the law of inkeritance and 
transmission of yariable parts, and the habits thus induced 
by the variation of parts. It should be observed that the 
portions which vary most are the peripheral parts—i.¢., 
fingers and toes, tentacles and antenna, the skin and scales 
and hair; it is by modifications and differences brought 
about in those parts most used by animals that the multi- 
tudes of specific forms have resulted. There is, as Darwin 
states, a general tendency of organisms to vary ; the laws 
mecounting for this tendency to vary have yet to be formu- 
lated ; though the attempts of Lamarck in this direction 
Jaid the way for the discovery and application of the funda- 


-animals and plants are self-erolved, that the world has made 

‘and tlt all is the result of so-called physical and biological laws 

from within outward, ix ax inconcelvatle as the medimval 

a that : and plants and the earth they inhabit were made 

‘In the twinkling of an eye. See the concluding chapter on Evolution. 
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mental laws of evolution. On the other hand, pure Dar- 
winism—viz., natural selection—accounts rather for the 
preservation than the origination of the forms of life. 

Analogy and Homology.—When we study the Inverte- 
brates alone we geo that it is often easy to trace a general 
identity in form between the more important parts, We 
notice that the under lip of a worm is comparable to the foot 
of a mollusk, though the functions of these parts may be 
quite unlike; these are therefore examples of a general 
identity in structure or homology between two organs. A 
closer homology implies a more apparent identity of form, 
aa seen in the resemblance in structure of the fore-limbs of 
a whale and seal, or the pectoral fins of fishes and the fore- 
arms of man. 

Analogy implies a dissimilarity of structure of two organs 
with identity in use, as the wing of an insect and of a bird ; 
the leg of an insect and the leg of a frog; the gill of a 
worm and the gill of a fish. 

Homology implies blood-relationship ; analogy repudiates 
any common origin of the organs, however physiologically 
alike, The most general homologies are those existing in 
organs belonging to animals of different branches ; the most: 
special between those of the same orders and minor groups. 
‘Thus it is fundamentally a question of near or remote con- 
sanguinity, 

Physiology treats of the mode in which organs do their 
work ; or, in other words, of the functions of differont or- 
ganz. ‘Thus the hand grasps, the finsof a fish are its swim- 
ming organs ; the function of the nose is to smell, of the 
liver to secrete bile, of the ovary to secrete protoplasm 
which forms eggs. 

Psychology is the study of the instincts and reasoning 
powers of animals; how they act when certain parts are 
irritated ; so that while this term is generally applied to 
man alone, Comparative Psychology deals both with tht 
simplest antomatic acts and the whole series of psychic pro- 
cosses—from those exercised by the Protozoans, such as 
Amba, up to the complicated instinctive and rational acts 
of man, 
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Reproduction.—The simplest form of reproduction is 
cell-division, one cell budding or separating from another. 
This mode of growth is called self-division or fission. 
Where one cell separates from another, the separating part 
being smaller than the original cell, or where a number of 
cells separate or bud out from a many-ceélled animal, such as 
a Hydra, the process is called gemmation. A third mode of 


reproduction is sexual, the sperm-cell of the male coalescing 
with the nucleus of the egg ; the commingling of the pro- 
toplasm of the two nuclei resulting in a series of events 
leading to the formation of a germ or embryo. 

Embryology is, strictly speaking, a study of the develop. 
ment of animals from the beginning of life of the egg up to 
the time the animal leaves the egg or the body of the parent 
—namely, up to the time when it begins to shift for itself ; 
but the term embryology may also be applied to the grow- 
‘ing animal from the egg to the adult condition. Many of 
the lower animals undergo a mefamorphosis, suddenly as- 
suming changes in form, accompanied by changes in habits 
and surroundings ; 60 that at different times it is, so to 
speak, a different animal. For example, the caterpillar 
lives on solid food, crawls on the ground, and has a worm- 
Tike form ; it changes to a chrysalis or pupa, lying quies- 

cent, taking no food ; then it changes to a butterfly and 

flies in the air, either taking no food or sipping the nectar 
of flowers : in all these three stages it is virtually different 
animals with different surroundings. Many animals besides 
‘insects hare a metamorphosis, and their young are called 
Tarve ; thns there are larval polyps, larval star-fish, larval 
worms—thest larvm often differing remarkably in form, 
habits, and in their environment or surroundings, as com- 
pared with the mature or adult forms, 

Classification.—After thoronghly studying a single ani- 
mal, its external form, how it acts when alive, its external 
and internal anatomy after death, and the development of 
other individuals of its own species, the student is then ready 
to study the classification of animals. 

‘The best method of studying classification, or Systematic 
Zoology, is to make an exhaustive examination of one an- 





4 ZOOLOGY. 


imal, and then to study in the same thorough manner an 
allied form, and, finally, to compare the two. For example, 
take a frog and compare it with a toad, and then with a 
newt, or a land salamander ; thus, by a study of the different 
types of Batrachians, one may arrive at a knowledge of the 
affinities of the differont species of the class. The methods 
of research are, then, observation und comparison. The 
best and most philosophic observers are those who compare 
most, Then, passing on to other animals, the student will 
place in one group animals that are alike. He will find that 
many agree in certain general charactera common to all. 
Ho will thus form them into classes, and those that agree in 
less general characters into orders, and so on until those 
agreeing in still less important characteristics may be placed 
in categorios or groups termed families, genera and species, 
varieties and races. For example, the cat belongs to the 
following groups : 
Kingdom of Animals ; 
Sub-kingdom, or branch, Vertebrates ; 
Class, Mammalia ; 

Order, Carnivora ; 

Family, Folide ; 

Genus, Felis ; 

Species, Felis domesticus Linnzus ; 
Variety, Angorensis. 


But these differont groups are insufficient to represent the 
almost endless relationships and series called the System of 
Nature, which our classifications attempt to represent, 
Hence we have sub-species, sub-genera, sub-families and 
super-families, sub-orders and super-orders, and sub-classes 
and super-classes, and the different assemblages may be 
grouped into series of orders, families, ete. 

The relations of the members of these different groups 
muy be represented in the same manner as the genealogi- 
cal tree of the historian, or like a tree, with its trunk 
and branches and twigs; or on a plane by « cross-section 
through the tree, the different groups or ends of the 
branches resembling a constellation, and embodying one’s 
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idea of the complicated relations between animals of differ- 
ent groups. 
The Animal Kingdom may be divided primarily into 
two series of branches ; those for the most part composed 
of asingle cell, represented by a single branch, the Profo- 
zon, and those whose bodies are composed of many cells 
(Moetazoa), the cells arranged in three fundamental cell- 
lJayers—viz., the ecfoderm, mesoderm, and endoderm. The 
series of Metazoa comprises the seven higher branches—i.¢., 
the Porifera, Calenterata, Echinodermata, Vermes, Mol- 
tusca, Arthropoda, and Vertebrata. Their approximate 
relationships may be provisionally expressed by the follow- 
ing 

Tanvnan Vinw oF Tae Erorr Buaxcues oy tux Aniean Kinpow. 
VIL. Vertebrata, 

Fishes to Mas. 


utes and inc, 


VI. Molluscs, 
Clams, Snails, Catton, 


V. Vermes. 
Fiat and Round Worms, Polyzoa, 
Brachiopods, Annolids, Tunicates: 


Ii. Porifera. 
ii luz 


Mer, 
Many-celled soimaiy wt ‘with 3 oalitayore. 


I. Pnorozoa, 
Bingle-celiod animale, 


It shonld be understood by the student that the classifi- 
cation presented in this book is a provisional one, bused on 
our present knowledge of the structure of the leading types 
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of the animal kingdom, and may be regarded aa rudely in- 
dicating the blood-relationship or pedigree of animals, It 
differs in some important reapects from the classificutions 
given in the hooks ordinarily in use by American students. 
It is a question whether the Twnicaéa should not form a 
ninth branch, and stand next below the Vertebrates, 

Some authors retain the four types of Cuvier, but it 
should be remembered that since Cuyier’s classification was 
proposed in 1812 our knowledge has been groatly extended. 
The microscope has revealed an immense mass of new mi- 
croscopic forms, and many facts regarding the structure and 
development of the larger forma The embranchments of 
Cuvier are in all cases, except the Vertebrates, unwieldy, het- 
erogeneous, and, in the light of our present knowledge, un- 
natural assemblages of animals. New discoveries do away 
with old systems, and the classifications adopted by differ- 
ent authors represent the standpoint from which they re- 
gard the system of nature. Itisnot of so much consequence 
to the student to know what the system may be, as to learn 
the leading facts of animal morphology and development. 

Palwontology.—With a thorough knowledge of the anat- 
omy of animals and their classification, the student is pre- 
pared to study the remains of extinct animals, to restore so 
far az possible their forms, and to classify them. Witha 
knowledge of the hard parts of existing animals, and of the 
interaction of the tendons, ligaments, muscles, and bones, 
the palmontologist can, in accordance with the law of cor- 
relation of parts, refer fossils to their respective orders, 
families, genera, or species. 

Zoogeography, or geographical distribution, is the study 
of the laws of distribution of animals ovor the surface of 
the earth or over the bottom of the sea. The assemblage 
of animals inhabiting any area is called a fauna, Thus we 
have an arctic fauna, a tropical fauna, a North American 
fauna, or Australian fauna. The fauna of the ocean is sub- 
divided into different subordinate faunw. 





CHAPTER I. 
BRANCH 1.—PROTOZOA. 


General Characters of Protozoans.—We can imagine no 
more elementary forms of life than certain members of this 
branch, whose bodies in the simplest forms are merely 
masses of albumen, withont any distinct permanent organs, 
or portions set apart for the performance of any special 
function. Yet the primary acts of animal life, such as tak. 
ing food, its digestion and assimilation, and reproduction, 
are carried on as effectively by Uhese lowest as by the high- 
est forms. The simplest Protozoans are like minute drops 
of protoplasm or albumen, having a gliding motion, and 
constantly changing their forms, throwing out temporarily 
root-like projections called 
pseudopodia, which serve to 
gather food-particles, Fig. 

7 illustrates a typical Proto- 
zoan, It is the common 
Ammba of standing water. 
Most Protozoans are provid- 
ed with a central organ oF py. Amare, we 0 
naclens, which corresponds 
to the reproductive orguns of the muny-celled animals. 
The Protozoa are one-celled in distinction from all other 
animals, from the sponges to man, which are many-celled, 
though it isclaimed that a few shelled forms (Rhizopods) are 
composed of several indistinct cells. ‘Thus a Protozoan cor- 
responds to an egg or to any one of the cells composing the 
bodies of higher animals, They may be naked, asin Proto- 
meba or Amoeba, or may secrete a silicious or calcareous 
shell. The Infuzoria, forming the highest class, are quite 
complicated, with permanent cilia, » mouth, throat, repro- 


ons not howe, 
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ductive nuclens, and several contractile vesicles, radely an- 
ticipating the heart of higher animals. Protozoans repro- 
duce by self-division and the formation of motile germs 
(zoospores), and in the Infusoria of ciliated young. There 
is thas a great range of forms leading from the most primi- 
tive type (Profamada) to the most specialized forms, such 
as the bell animaleule ( Vorticella.) 


Onass I.—Monera (Moners). 


General Characters of Moners.—This group comprises 
tho simplest forms of Protozoans, whenve the name Monera 
(uor7pes, simple). The lowest forms are almost identical 
in appearance with the lowest plants, and they can only 


B—Pretomonar amyl, greatly magnified, A, when an 
mpecas gfeetines, Deak treed ttn Una parvut ses OD mE, 
relat ene projection inward of the cell-wall ; x, wall of the eyes jf, 


form keer Gabor 


he claimed to be animals from their resemblance to highor 
forms leading to Amada, which, in tarn, is connected by a 
serios of forms loading to undoubted animals, such as the 
shelled Rhizopods (Fig. 14). 

The Monera diffor from the Rhizopods (Amada, ote.) in 
wanting a nucleus and contractile vesicles. Their body- 
substance is homogencous thronghout, not divided into a 
tenacious outer and softer inner mass, as in Ameda. They 
move by the contraction of the body, and the irregular pro- 
trusion of portions of the body forming either simple pro- 
cesses (peoudopodia) or a network of gelatinous threads, 
‘The food, as some diatom, desmid, or protozoan, is swallowed 
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whole, being surrounded and engulfed by the body, and the 
protoplasmic matter is then absorbed, serving for the nour- 
ishment and growth of the Moner. 

‘The simplest form known, and supposed to be really aliving 
being, is Haeckel’s Profamaba, It may best be described 
by stating that it is like an Amada, but without a nucleus 
and vacuoles (or little cavities). It reproduces by simple 
self-division, much as in Amada (Fig..11). _ 

In Protomonas the body is very changeable in form, the 
pseadopods often being very slender, thread-like. Fig. 8, 
A represents this Moner during the formation of the young 
(zoospores) in the cyst-like body, or resting-stage of the 
creature ; B, one of these germs freed from the cyst and 
capable of moving about by the two thread-like pseudopo- 
be OD, the Ammba-like form which the young after- 

Seg ange at maturity passes into the en- 
are resting-stage 
better idea of what a Moner is may be seen by 
ing the Protomyza anrantiaca Haeckel. 

‘was discovered at the Canary Islands. It is 
from half to one millimetre in diameter, and is a perfectly 
baer at of orange-red jelly. When lungry numerous 

threads (pseudopodia) radiate from the central 
ness. 9, B represents the Profomyza after having 
amartettals its body-mass a number of shelled Infusoria, 
When abont to become encysted (A B) it rejects the shell 
of its victims, retracts its false feet, and soon becomes fust- 
ened as minute red balls to the surface of some dead shell. 

‘The ball becomes enclosed by a thick covering (4), and 
then the contents become divided into several hundred small, 
round, thoroughly structureless spheres, which become germs 
(Bj, The germs finally burst through the cyst-wall, as in 
©, a, ¢, d, and assume various monad-like and ammboid 
shapes, and finally attain, by simple additions of the proto- 

of its food (diatoms and infusoria), the adult form 
(DB). Other Moners exist in fresh water. 

pk have been dealing with the simplest living forms, be- 

ing no trace of organization, much lower and 

oe the Ame@ba, with its nucleus, The individual 








20 ZOOLOGY. 


Moner—for example, Profamaba—is simply a speck or drop 
of transparent, often colorless, viscid fluid, scarcely of more 
consistency than, and in all apparent physical characters 
identical with, the white of ahen’s egg. And yet this drop 
of protoplasm has the power of absorbing the protoplasm of 
other living beings, and thus of increasing in size—i.e., 
growing ; and in taking its food makes varions movements, 
one or more parts of its body being more movable than 








Fig. 9-Prolamyes evranthaes. A. ene 
(a, te) leaning from the cyt, D. a 
JF, edluit after enclosing or wallowing acren 





4, 2, cyet Oiled with germe, Ci germs 
ng Protomyxa swallowlas 4 luton (3), 
al shelled Untunoria—Aftor Hi 





others, the faculty of motion thus being for the moment 
specialized ; it hus apparently the power of selecting one 
kind of food in preference to another, and, finally, of repro- 
ducing its kind bya process not only of simple self-division, 
but also of gorm-production. In short, we may say of the 
Monor whut Foster suys of the Am (21) it is com- 
tractile ; it is irritable and automatic ; (3) itis receptive 
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appear, and that from forms resembling them all other organ- 
isms have originated. We can conceive at least of no simpler 
ancestral form; and if organized beings were originally pro- 
duced from the chemical elements which form protoplasm, 
one would be naturally led to suppose that the earliest form 
was like Protameba, It would follow from this fact that the 
Monera are as low as any plants, and that animals appeared 
contemporaneously with planta, 

Having studied a few typical forms of Monera, we are 
prepared to briefly define the group and tabulate the sub- 
divisions of the cluss. 


Crass L—MONERA Haxcxen. 

Beings consisting of transparent protoplasm, containing granules, some- 
times forming a net-work, tut with no nueleus* or contractile encuole ; 
capable of autywatically throwing out pacudopodia, and reproducing by 
vimple telf-dicivion of the body-mase into tao indicéduals, or by division 
into a number of germ-like or spore-tike young, which increase in size by 
abworption of the protoplasm of other organism. 

Group 1, Gymnomonera, comprising the genera Protamaba, Protogenes, 
and Myxodictyum, which do not become encysted, 

Group 2. Lepomonera, which become encysted and protected by a 
case, as ln the genera Protomonas, Protomyxa, Vampy- 
tela, and Myxastrum, 


Crass H.—Ruatzopopa (Root Animaleules). 


Gonoral Charactors of Rhizopods.—An idea of the form 
and internal structure of this group can be obtained bya 
study of Ameba, which may be found sliding over the sur- 
face of the leaves of plants growing in pools or ponds of 
fresh water. Our common Amada has been studied by 
H. J, Clark. Fig. 10 represents this animal in the three 
more usual forms which it assumes. From time to time 
the sides of its body project either in the form of simple 
bulgings, or suddenly it throws out foot-like projections 


* Should a nucleus be found hereafter to occur In the Monera, the 
group should be merged into the Rhiopeds, apd placed next to 
Amata, 
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its body. ‘The Ameba reproduces its kind by simple di- 
vision, as seen in Amada spherococcus Uaeckel (Fig. 11). 
This species, unlike others, so far as known, becomes enoyated 
(B), then breaks the cell-wall and becomes free as at A. 
Self-division then begins as at C, the nuclens doubling it- 
self, until at Da and Dd we have as the result two individ- 
uals, 

Order 1. Foraminifera.—Besides Amaba, several other 
forma, either naked or shelled, produce, by division of an in- 
ner portion of the body, numbers of ciliated young, as in 
the naked Pelomyza, in certain many-chambered Fora- 

minifera, and in Collospha~ 
ra. An example may be 
seen in the European Pelo- 
myza palustris Greef (Pig. 
12). This creature lives in 
the mud at the bottom of 
frosh-water pools, and when 
first seen resembles little 
dark balls of mud a milli- 
metre in diameter. Tnstead 
of one nucleus, there are 
numbers of them, and nu- 
merous contractile vacuoles 


n- reg trie. Ay ., . 
nies bo ain el ‘ie filled with a fluid, together 
whichatrieaving thepaly With spicules, The young 


jue 
pane into monadlike forme, forma Ci m. WchOUFs are gt first amoba-like (B), 


©, contrvotile vesicle, — 

originating as “ shining 
bodice,"’ which have resulied from the self-division of the 
nuclei. These ammba-like bodies finally assume an active, 
monad-like stage (, and moye about by means of a ciliam 
or lash. 

We now come to the shelled Ama@bm, or genuine Forami- 
nifera. A common type is Arcella, which secretes a one- 
chambered silicious shell, found in fresh water, and # 
representative of tho monothalamous, or one-chambered, 
Foraminifera; while the many-chambered forms are 
marine, of which Globigerina bulloides (Fig. 18), found 
floating on the surface of the ocean, with ita psendopodia 
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ber, measures about one fifth of an inch indiameter. Most 
of our native species are much more minute. ‘The Eozoon, 
so-called, is supposed by some to be a Foraminifer, but 
others regard it as more probably inorganic, and simply a 


16.—Actino 
tel of food drawn Into the cortical layer 
6; ¢, central parcuchymatons muss of 


Body : o, cane balls of teodatedt tn 
je ‘of the cortiont 


hnyer 


Ele: 1, Cxiophuara yt. 
projecting conical 

pans, comune Ditke ephe 
roids ‘which pass inte monnd: 
Whe bodies G, Bb Drobaly an 


arly oi 
Expnin of C. ttvsteyt Mer 
‘Mier Guenkows! ion 2 


mineral. Undoubted Foraminifera occur in the Silurian 
formation, while large masses of carboniferous and cre- 
taceous rocks are formed by their shells. 

Order 2, Radiolaria.—These Rhizopods have the general 
structure of Amabm, but secrete beautiful silicious shells, 
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Crass I1.—Gneoanterpa (Gregarines). 


General Characters of Grogarinida.—The largest and 
best known species of this group is an inmate of the 
intestinal canal of the European lobster, and was named 
by E. Van Bonedon Gregarina gigantea (Fig. 18). It 
is worm-like, remarkably slender, and is sixteen mil- 


3h—Origarina otgantea. L, two individanis of natura size. KX, the ware 
much enlarged; u, nncleus. A, thoeame enosveed. 72, sutdivieion of the eyat. C, divi> 
sion of the contents of eywt {nto small spheres, obsérved in another species. 1¥, the 
spores enlarged. M, cyst Giled with proudonavicelle, O—After Lieberkoln. D=F, 
monertike young of G. glreata. G, J. peondoflaris stage, J, J, early nucleated 
fora of Gregarina gigsaten.—Aftor Van Beneden, 





limetres (over half an inch) in length, being the largest 
one-celled animal known. In this organism an external, 
structureless, perfectly transparent membrane with a double 
contour can be distinguished. nts the cell-wall 
of the cells in the higher animals, th this onter wall 
is & continuous layer of contractile substance, forming a 
trne aystem of muscular fibrillm comparable to that of the 
Infusoria. The body-cavity of the Gregurina contains a 
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already described. This moner-like being, without o 
nuclous, is the young Gregarina, 

But soon the Ama@ba charactors arise. The moner-like 
young (Fig. 18, D # F’) now undergoes a further change. Its 
outer portion becomes a thick layer of a brilliant, perfeotly 
homogeneous protoplasm, entirely free from granules, which 
surrounds the central granular contents of the cytode 
(Haeckel) or non-nucleated coll. This is the Am@ba stage 
of the young Gregarina, the body, as in the Amba, con- 

sisting of a clear, cortical, and granular 
medullary or central portion, 

‘The next step is the appearance of two 
arm-like projections (Fig. 18, #), com- 
parable to the pseudopods of an Amosba. 
One of these arms elongates, and, sepa- 
rating, forms a perfect Gregarina. Soon 
afterward the other arm elongates, ab- 
sorbs the moner-like mass, and also be- 
comes a perfect Grogarina. This elon- 
gated stage is celled a Pseudofilaria (Fig. 
18, G); no nucleus has yet appeared. 
In the next stage (Fig. 18, 1 n, nucleus) 

the tie glint a ‘ora the body is shorter and broader, and the 

1 PR ware, RUCleUS appears, while a number of gran- 

pity ata ike Gnas ules collect at one end, indicating a 

flder; a anterlor ends head. After this the body shortens a 

fp mucktin—antee' Geget: little more (J,.J), and then attains the 

elongated, worm-like form of the adult 

pewetas (X). Van Beneden thus sums up the phases of 
growth 


fs 


1. The Moner phase. 

2. The generating Cytode phase. 

3. The Pseudofilaria phase. 

4. Tho Protoplast (adult Gregarina), 

5. The encysted Gregarina. 

6. The sporogony phase (producing zoospores), 


The Grogarine and Amo@be constitute Haeckel’s group 
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of Protopiasta, Other Gregarinw are very minute, and are 
parasitic in insects (Fig. 19), ete., and vary greatly in form, 
some being apparently segmented, while in a few forms the 
body ends anteriorly ina sort of beak armed with recurved 
horny spines, We are now prepared to adopt the following 
definition of the clasa : 


Crass TH.—GREGARINIDA. 

Amoba-like Protocoa, more or less elongated, with a determinate celi- 
a are a etre aceler fils wih « suclow, st 30 
contractile vacuole; reproducing by encysting and subdivision of the cen- 
tral man of the tay, prdcng sly promerms 1, from which escape the 
moner-tiks young, which undergo a metamorphosis into the usually worm 
Ghoped, parame adult (Gregarina), 


Crass TV.—Ixrvsonta. 


‘These organisms can best be understood by studying rop- 
resentatives of the three orders forming the class, 

Order 1. Flagellata (Monads).—A familiar example of 
monads, Monas termo Ehronberg? has been studied by 
HL. J. Olark. His description will suit our purpose of indi- 
eating the form and habits of a typical flagellate animalcule. 
It somewhat resembles our figure of Uvella in its general 
shape, being pear-shaped, faint olive in color, and provided 
with a vibratile locomotive lash or flagellum. In swimming, 
the monad stretches out the flagellum, which vibrates with 
an undulating, whirling motion, and produces a peculiar 
graceful rolling motion. When the monad is fixed the fla- 
gellum is used to conyey food to the mouth, which lies be- 
tween the base of the flagellum and beak, or “lip.” The 
food is thrown by a endden jerk, and with precision, directly 

inst the mouth. *‘ If acceptable for food, the flagellum 
presses its base down upon the morsel, and at the same time 
the lip is thrown back so as to disclose the mouth, and then 
bent over the particle as it sinks into the latter. When the 
lip has obtained a fair hold upon the food, the flagellum 
withdraws from its incumbent position and returns to its 
former rigid, watchful condition, The process of dogluti- 
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tion is then carried on by the belp of the lip alone, which 
_ expands latterly until it 
~ a completely overlies the 
. particle. All this is done 
quite rapidly, in a few sec- 
ends, and then the food 
glides quickly into the 
depths of the body, and is 
enveloped in a digestive 
Fig Moma (Path —Atier Teste CS eole, whilet the lip a8- 
sumes its usual conical shape and proportions.” (Clark.) 
All the monads have a contractile vesicle. In Monas 
terme, Clark observes that it is “* so large 
and conspicuous that its globelar form 
may be readily seen, even through the 
greatest diameter of the body; and con- 
tracts so vigorously and abruptly, at the 
rate of six times a minute, that there 
seems to be a quite sensible shock over 
that side of the body in which it is em- 
bedded.”” Tho contractile vesicle is 
thought to represent the heart of the 
higher animals. The reproductive organ 
may possibly be represented in Monas 
termo by » “very conspicuous, bright, 
highly refracting, colorless vil-like globule 
which is enclosed in « clear vesicle” called 
the nucleus, This and other monads live 
either free or attached by a slender stalk. 
As an example of the compound or aggre- 
gated monads may be cited Uvella, prob- 
ably glauconia of Ehrenberg. Other 
forms, as Codosiga, are fixed by u stalk to 
some object (Fig. 21, C. pulcherrimus 
Clark). In this and allied forms the body 
is surmounted by a collar or calyx out of bef 
which the flagellum projects, The Co- 
dosiga has been observed by Clark to un- 
dorgo flexion, two independent monads resulting, within the 
space of forty minutes, 
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ophagus which passes into the digestive cavity, in front of 
which lies an oval nucleus, Beneath the outer skin or firm 
membrane surrounding the body is a gelatinous layer, con- 
taining numerous granules. A network of granular fibres 
arises from the granular layer; these fibres pass into the 
middle of the body to the nucleus and digestive cavity. The 
young (Fig. 22, , s) result from a division or segmentation 
of the entire mass of the protoplasm of the body, forming 
small oval bodies with a long lash. The zoospores aro like 
those of other Flagellata, and for this reason and the gen- 
eral structure of the adult, Noctiluca is by the best author- 
ities associated with the Flagellata, Noctiluca also under- 
goes conjugation, but the zoospores 
appear whether conjugation has oc- 
curred or not. The Noctiluca on the 
coast of the United States has beon 
observed in abundance on the surface 
of the sea in Portland harbor, by Mr. 
E. Bicknell. It is phosphorescent, 
bat whether identical with Noctilwea 
miliaris of the European seas is not 
known. Leptodisons medusoides Hert- 
wig, is discoidal or medusiform in 
Be pee aad nae: the disk one and a half milli- 
i ate ean motres in diameter. When disturbed 
[aX seer * it darts through the water by the con- 
tractions of its umbrella-shaped body. 

It is allied to Noctilnca and waa discovered at Messina. 
Poridinium. is the type of a third and higher division of 
monads, the body being protected by « hard shell, with one 
or moro flagella, and a row of cilia serving as a locomotive 
apparatus, and thus, together with Heteromastix and Dys- 
foria, connecting the Flagellata with the Ciliata or true 

Infusoria. ¥ 

Order 2. Tentaculifera (Acinetw, Suctoria)—An Acineta 
Wig. 23) reminds us at first sight of » Radiolarian, since 
oh body ia provided with filiform, tontucle-like processes 


the dopodia of a Radiolarian, bat the ten- 
vo reality rather stiff, hollow, and act as suck- 
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ers, #0 that when the organism has by means of its hollow 
arms or tentacles eanght some 
Infusorian, the arms con- 
tract, draw the victim nearer 
to the Acinefa, and when the 
sucking disk at the end of the 
arms has penetrated the skin, 
the contents of the body of 
the Infusorian are sucked into 
the food-cavity of the Acine- 
ta; on the other hand, in 
some Acinet# a portion of the 
arms are simply prehensile. 
These animals are in their 
adult phase quite unlike the 
Plagellata or Ciliata, but the 
young are developed within 
the parent and are provided 
with cilia, being at first free- 
swimming, and afterward 
fixed by a long stalk. The 
Acinete sometimes self-di- 
vide, sending off from tho 
free end of the body a ciliated 
Acinete ; they have also been 
seen to conjugate. 
Order 3. Citiata (Infuso- 
tia).—A common type of this 
gronp and one easy to obtain 
by the student is Parame- 
cium (Rig. 24), observed in 
infusions, or moving rapidly 
over the bodies of larger ani- yee'srom ths dorsal ste, magn 
mals which may be under the (min. As% iti coats a, 
microscope. Figure 24 rep- fj 
resents Paramecium cauda- °° : 
fim Ehrenberg. This ani- fre vimana Ma nt tho ed 
maleule is a mass of proto- 
plasm, representing a single cell, In the body-mass are ex- 
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cavated 4 mouth and a throat leading to a so-called stomach 

or digestive cavity, Two hollows in the body form the con- 

tractile vesicles, and an- 

* other cavity constitutes 

the reproductive organ. 

Prolongutions of the body- 

mass form the cilia, which 

characterize the Infusoria 

and give the name to the 

present order, Ciliala, 

Paramecinm has an clon- 

gated, oval body “‘ with 

one end (#1) flattened out 

broader than the other, 

and twisted about one 

third way round, so that 

the flattened part rosem- 

bles a very long figure 8,”’ 

In this form, as well as in 

Stentor (Fig. 25), 8 Clark 

remarks, “we have the 

mouth ut the bottom of a 

broad notch or incurva- 

tion, and the contractile 

vesicle on the opposite 

side, next the convex 

buck, whilst the goneral 

, cavity of the body lica be- 

Hor, wok. sh; be Ea enchonlug © tween these two.’ The 

mae Uoeter a the dint wie tee es arrows in the figure repre- 

‘Datancesawen through the whole thickness of he gont the course of the par- 
benly; op", ce*, the pewtertor protonation of ce : 7 ‘ 

lm the defamed: r,s, tbe ciratar and mediating ticles of indigo with which 

poneeet ents © ' there Clark fed his specimens, 

ein peaetity ber setued an ope net Bs they are whirled 

Shes Curie along, by the largo vibrat- 

ing cilia (#) of the edge of tho disk, against the vestibule of 

the mouth.” During the cirenit the food is digested, a 

mam of rejectamenta is formed near the protuberance, a, 

which has appeared a short time before. This finally 
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phus Ehrenberg) we have a rather more complicated form, 
the infnsorian attaching itself at one end by a stalk, and 
building up a slight tube, into which it contracts when dis- 
turbed. The Stentor may be sometimes observed multiply. 
ing by self-division. Clark observed Stentor polymorphus 
undergoing the process. ‘The first change observed was the 
division of the contractile vesicle into two. The mouth of 
the new Stentor was formed in the middle of the under side, 


a 


r= Boleladls ecteane Ebr. a vingle, many forked colony of tell submalealen, 
Mtcds fas sx ove of be analtes ronguined 0) dammcees tho 


ios flat spiral ot vibrating ellis at the ft ic: my the tussle, ot 
& the dopth of the aigentive cavliy; athe raoath ¢. oth the ‘single 
Tybratory lash. whlch project trom ie depths ‘rt the Gut; ce, the coutmete rete 
rep 


ele; 8, productive organ After 
first appearing a8 a shallow pit, around which arises a semi- 
circle of yibratile cilia. The mouth and throat form in the 
new Stentor before any signs of division appear, but in the 

rae of two hours the body splits asunder, and two new in- 
dividuals appear. Fig. 26 illustrates the mode of self- 
division seen in Stentor polymorphus Ehrenberg, by Hon. 
J.D. Cox, The process in this ocoupied two hours ; at the 
final stage (Eig. 26, /) the connection between the two ani- 
muloules parted, ‘and the two Stentors swam separately 
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away, both assuming the common form of the animaleule 
when free-swimming, and differing from the original indi- 
vidual only in being of smaller size.” 

The most complicated as well as most interesting form of 
all the Infusoria is the bell-animalcule, Vorticella. It is 
very common in pools, forming patches like white mould on 
the leaves and stems of submerged plants. It may, like 
Stentor, be observed under low powers of the microscope. 
‘Their motions, as they suddenly contract and then shoot 
out their bell, mounted on a long stalk, are very interesting. 
The throat (a@sophagus) is quite distinct, while the nucleus 
is the most conspicuous organ of the body. The digestive 
cavity is a large hollow in the protoplasm forming the body- 
maas, in which the whole mass of food revolves in a deter- 
minate channel. Olosely allied to Vorticella is Hpistylis 
(Figs. 27 and 28). 

While most ciliate Infusoria, so far as known, multiply 
by self-division, in Vaginicola the process is more like true 
gemmation or budding, and is accompanied by a process of 

ing, resulting in the production of a free-swimming 
ciliated embryo, the adult Vaginicola being attached, The 
Vorticella also becomes encysted, and the nucleus subdivides 
until the body becomes filled with monad-like germs, the 
result of thesimultancous breaking up of the nuclens. The 
Vorticelle, then, pass through a flagellate or monad stage, 
from which they pass into the Vorticella condition, when 
they multiply by self-division and by budding, the last 
cree becoming encysted. 

is a common occurrence in ciliate Infusoria, 

sateen the breaking up of the nucleus of cach in 
vidual into a namber of fragments, and the appearance in 
each of the individuals of the nucleus and nucleolus (cither 
single or multiple) which characterize the specics.* 


b) prorat ya ate that the cilinte Infasoria have eggs which are 
fertilized by spermatic particles. Morerecently, however, Engelmann, 
Bitechli, and Hertwig have denied that conjugation is of a truly sexual 
character, and that the striated nuclcoli of certain individual Infusoria 
‘are Spermatozoa, “ Nevertheless,” remarks Huxley (Anatomy of In 
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Flagellate or elliate (smetinen only elite ix the early stages) Protasoa, 
the body not changing in form, having @ definite akin, and often wholly or 
perl reside iota; sumally free, woinetimes stalked op attached; vith 
4 mouthopening and aaephagus, and rudiments of digesice, eircula- 
tory (heo or more contractile vexicies), and reproductice organs (nucleus and 
nucleolin), but with no distinctively erual organs. 


Order 1. Flagellata.—Rounded, oval, or pear-shaped organisms, usually 
exceedingly minute, provided with one or two flagella, with 
an oral region, into which particles of food are thrown by 
‘the flagellum ; with a nucieas and contractile vesicles, rarely 
stalked, and with a calyx; sometimes ageregated; with a row 
of cilia in the highest forms serving as a locomotive appara- 
tus; reproducing by self-division or hy segmentation of the 
protoplasmic contents of the body, the young being minute 
oval bodies, provided with a flagellum (Monas, Heterorita, 
Noctiluca, Peridinium). 

Order 2. Tentaculifera (Suctoria). — Naked, not ciliated, protozoans, 
with long, stiff, retractile arms or tentacles, provided with a 
sucker at the end, the arms hollow, conveying the food to 
the digestive cavity ; originating from ciliated young; also 
by self-division throwing off ciliated forms, and undergoing 
conjugation (Acipeta), 

Order 3, Citiata (True Infusoria).—Body free and covered with cilia 
(Paramecium, Stentor, etc,), ot stalked, with the cilia con- 
fined to tho head end (Vaginéeols and Vorticella, etc.); a 
welliefincd month and cesophagus ; a digestive cavity and 
‘vent; a large nucleus, and two or more contractile vesicles. 
Reproducing by self-division, budding or conjugating, and 
producing monadlike young by self-divieion of the nu- 
‘lous ; sexuality doubtfully indicated, 


‘The following diagram represents the relative position 
of the orders and classes of Protozoa, and in a rude way 
their possible genetic relations : 


vertebrated Animals, p. 662), ‘' it is still possible that the conjugation 
of the Infusoria may bea true sexual process, and that a portion of the 
divided endoplastules (striated nucleoli) of each may play the part of 
the spermatic corpuacle, the conjugation of which with the nucleus of 
the ovum appears, from recent researches, to constitute the essence 
of the act of impregnation.” 








CHAPTER II. 
BRANCH IL—PORIFERA (Sroxors). 


General Characters of Sponges.—Althongh the sponges 
were formerly supposed to be compound or social Amebw, 
and more recently monads, from the striking resemblance 
of their epithelial cells to certain monads, and have been 
generally regarded as Protozoans, later researches have 
shown that they are in reality many-celled animals, and that 
for a short period of their life they follow the same develop- 
mental path as the higher animals. It was also discovered 
that they reproduce by eggs, the latter undergoing segmen- 
tation and assuming the condition of a three-layered suc, 
the three layers being identical with those of the higher 
branches of the animal kingdom, so that the gap between 
the Protozoans and sponges is a wide one, and the latter are 
more nearly allied to the Hydra, for example, than to any 
one-celled animal. 

One of the simplest sponges, such as Ascetta primordialis 
Haeckel, is s spindle or vase-shaped cylinder, attached hy its 
base, with the cellular soft portion supported by a basket- 
work of interlaced needles or spicules of silex or lime. The 
cells are arranged in three layers, the innermost (endoderm) 
being provided each with a cilium., The spicules, and also 
the eggs, are developed in the middlo layer (mesoderm). 
Moreover, the walls of the body are perforated by multitudes 
of umall pores (whence the name of the branch, Porifera), 
through which the water percolates into the body-carity, 
carrying minute forms of life or food-particles, which are 
individually thrown into each cell by the action of the single 
cilium thrust out of the collar of the cell, mach ax in an in- 
dividnal monad such aa Codosiga (Fig. 21). Each cell re- 
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jects its own waste particle of food, the protoplasm having 
been previously absorbed, and the waste from all the epi- 
thelial cells is collectively expelled from the single exeurrent 
orifice (oseuJum), there being many pores or mouths, and 
but a single outlet for the rejectamenta. 

Such is the structure of one of the simplest sponges ; the 
larger common sponges differ mainly in having a less defi- 
nite form, with numerous acs or digestive cavities or cham- 
bers, and numerous excurrent orifices or oscula. It will be 
soon, then, that we have in the sponge a three-layered sac, 
its cavity rudely foreshadowing the gastrovascular cavity of 
the Hydra, but with no genuine mouth, the pores or so- 
called mouths simply allowing the sea-water laden with 
sponge-food to flow in, inflowing currents being formed by 
the ciliary action of the digestive cells, and the excurrent 
orifice permitting its exit. 

Tn the other sponges such as are figured in this chapter, 
the structure is a little more complicated than in the 
Ascetta, ‘There is no general body-cavity, with a contin- 
uous lining of epithelial cells, but the entire sponge-mass is 
permeated by large canals ending in oscula, and there are 
innumerable pores (so-called mouths) leading by branching 
canals to little pockets or cavities, which are lined with the 
flagellate, collared cells developed specially from the inner 
cell-layer (endoderm) ; so that the animal is myriad-stom- 
ached, #0 to speak. Moreover, the middle layer of cells is in 
many sponges greatly thickened, and nearly the whole 
mass, as seen in the common sponge, consists of spicules or 
horny fibres, and protoplasm, through which the excurront 
and incurrent channels meander. ‘Thread cells or lasso- 
cells like those hereafter to be described in Hydra have 
been detected in the sponge named Reniera. 

Tet us now follow out the life-history of a sponge. The 

sponges are further distinguished from the Protozoa in pre 
denny GG and spermatic particles, the oggs being fe 
Se po the sponge. The egg after fertilization ai- 
Vides in two, four, eight, sixteen, and more spheres, attain- 
ing the mulberry or morwla* state (Fig. 29). Tho result is 

* The terms morula and gustrwlas arc used in this book simply for 
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the formation of atwo and afterward three-layered sac, cor- 
responding to the gastrula of the higher animals. In this 
state (Fig. 30) the germ breaks out of the parent sponge into 
the sea, Fig. 31 represents the development of the common 
little calcareous sponge (Sycon ciliatum), found between 
tide-marks. A indicates the morula with the segmentation- 

cavity (¢c), which afterward 


y 8 disappears as at B. The 
at \ gastrula is represented at 
© -O) C, and consists of ciliat- 
ed and non-ciliated large 

As 


round cells; the first series 
an Se Paprmentition 4t'seu Ot: spcnge forming a sort of arch, with 
a hollow in the middle, 
around which a large number of very fine brown pigment 
corpuscles are collected, The next change of importance is 
the disappearance of the cavity, the upper or ciliated half 
of the body being much reduced in size. Then the lange 
round cells of the hinder part are united into a compact 
mass, leaving only a single row. ‘he ciliated cells are 
gradually withdrawn into the 
body-eavity. Fig. 31, D, shows 
this process going on. At this 
period also the larva becomes ses- 
sile, and now begins the formation 
of the sponge-spicules, which de- 
yelop from the non-ciliated round 
cells, Motschnikoff calls atten- 
tion to the fact that at this early 
stage the Sycon passes through a 
phase which is persistent in the 
aot Syeyssa. Tho layer of cil- prophanuih After ecknse 
jated cells are gradually withdrawn into the body-cavity, 
until « emall opening is left surrounded with a circle of 
cilia, These cilia finally disappear, a few more spicules 
grow out, and meanwhile the opening disappears. Tn the 
next stage (represented at D) a considerable hody-cavity ap- 
convenience to avoid circumlocution. Tt may be that these conditions 
will be found to be essentially modified in different groups of animals. 
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pears which may be seen throngh the body-walls, At this 
time the germ consists of two layers, the inner layer of cili- 
ated cells (endoderm) forming a closed sac, enveloped in the 
spiculiferous layer. Such are the observations of Metschni- 
koff on the development of Sycon. According to the ob- 
servations of Barrois, the larva or gastruls fixes itself by what 
are destined to be the ectodermal cells, and which are the 
round non-ciliated cells forming the posterior end (Fig. 31, 
©) of the free-swimming gustrula, About this time the 
mesoderm separates from the endoderm, either before or 
just after the gastrula becomes stationary, according to the 
group to which it belongs. 

When the young sponge becomes stationary it does not 
differ from the gastrula, except that it becomes more or lesg 


@ @B 
e 
y ROT 
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‘Fig. 8t.—Dereloproent of a rpange (Spr cildatony).— After Metechulkomt 


irregular in form. Then appear the food or digestive cayi- 
ties in the endoderm, in Sycandra becoming radiating tubes 
lined with ciliated, collared, monad-like cells ; or in Lencon 
and Halichondria, and their allies, forming scattered pock- 
ets, called “‘ampullaceous sacs.’’ In most sponges (except 
some calcareous species) there is no general body-cavity in 
the gasteula, nor in the young after the larva becomes sta- 
tionary, according to Barrois. After the formation of the 
ampullaceous the pores open through the mesoderm 
and connect the sacs and ciliated channels, as the case may 
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he, with the outer world. ‘These pores may open and then 
be permanently closed, new ones opening elsewhere, The 
osculum bursts open by the accumulation of water between 
the two layers in the same manner as the pores. Finally, 
in certain sponges the horny fibres grow out from the onter 
cell-layer and extend inward, surrounding the spicules, the 
latter developing from the middle cell-layer. 

It appears, also, that all sponge embryos form a two and 
afterward three-layered sac (gastrula), in which in the sim- 
plest sponges there is a primitive body-cavity and a prim- 
itive mouth, while in the higher calcareous sponges and in 
the silicions forms the hody -cavity is only temporarily 
open, being afterward filled up by the interior ciliated 
cells, and thus forming compact mass. 

Tn the sponges, also, the larva or free-swimming young 
in « three-layered sac, which is cither hollow or, more com- 
monly, solid, and may attach itself at the end of its free- 
swimming life by one end to some fixed object. The body- 
cavity may persist in the simpler forms through life, though 
in most sponges there is no genuine digestive cavity, but a 
large series of minute digestive sacs communicating by canals 
with the large ones leading to the oscula. The more or less 
regular spherical form of the young of most sponges becomes 
lost as they grow ; they become irregular in form, encrast- 
ing rocks, and their development retrogrades rather than 
iMivances. 

Tn the fresh-water Spongilla there is a special provision for 
the maintenance of the species, In autumn are formed the 
so-called “ seed,” being capsules in which are enclosed eggs 
which in the spring develop young sponges. This cyst or 
capsule may be compared to the buds or winter eggs of the 
Polyzoa or of the water-fiea (Daphnia), 

From the members of the next branch, the sponges differ 
in the great irregularity of their form, the lack of a definite 
digestive cavity and of tentacles. 

Order 1, Caloispongia.—The sponges may conveniently 
be divided into two orders. Those belonging to the first 
seorete spicules of lime, and there are no digestive or ampul- 
laceous sacs, but the minute canals are lined with ciliated cella. 
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‘The calcareous sponges are few in number and are repre- 
sented by a delicate little white sponge called Sycon cilia- 
tum Johnston, yery common on sea-weeds between tide- 
marks. 

Order 2. Carneospongia.—In this group the spicules 
may either be fibrous and horny or silicious. The middle 


Tig. 2 —Azinella polypedder. Fig. $8,—Myalonema boreate, 
‘ntarnl ple. ~ After Laveen, 

cell-layer is very thick, the endoderm being restricted to the 
numerous digestive cavities or so-called ampullaccous sacs. 

The fresh-water sponge (Spongilla) occurs everywhere 
on submerged sticks and stones in ranning or nearly stag- 
nant water, usnally branching. With the exception of 
Spongitla and another form, Siphydora echinoides Clark, 
which grows ss large as one’s fist in northern ponds and 
streams, all sponges are marine. One of the commonest 
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aponges north of New York is Chalinula oculata (Bower- 
hunk), which grows in long slender branches on the piles of 
wharves and bridges, Allied to it is Axinella (Fig. 32, 4. 
polypoides). 

A representative in northern waters of the genuine sili- 
cious or glass sponges is the Hyalonema (Fig. 33, H. boreale). 
At the depth of 100 fathoms in the Gulf of Maine occurs a 





Ni 


ot eters ine: Aalf natoral else, with stellate and enchoritce spéenles, 


similar epocies (4. longissimum Sara). Fig. 34 represents 
4 fino ailicious sponge (Pheronema Anne Leidy) from the 
West Indies. ‘The most beautiful of all silicions sponges is 
the Venus’ flowor-basket (Auplectellum aspergilium), which 
livo# anchored in the mud at the dopth of about 10 fathoms, 
wour tho Philippine Islands, 
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Laboratory Work.—Sponges are difficult to preserve alive in aqomria 
for stuily. Fine microscopic sectious of the living sponge may be made 
with the masor or the microtome, and the tissues and eggs as well as the 
young be studied, though, from their minuteness, the study of the 
young is very difficult. The ciliated young of Sycon ciliatum may be 
obtained in the spring and summer by picking a portion of the sponge 
to pieces and tearing out small fragments with fine needles, until por- 
tions are small enough t be examined under high powers of the micro- 
scope. Researches on the finer structure and mode of growth of the 
sponge are difficult, and require much skill and loag training in hie- 
tological methods. The gross structure of sponges may be studied by 
cross and longitudinal sections made with a razor or knife. 





CHAPTER III. 


BRANCH IL.—CCBLENTERATA (Hyprorps, Jeury- 
Frsnes Anp Pouyps). 


General Characters of Colenterates.—In this branch, 
which is represented by animals like the Mydra (Fig. 36) and 
Tubularia (Fig. 35), the body consists 
of three cell-layers, surrounding a 
definite, single, digestive cavity, the 
mouth of the cavity being surrounded 


by a circle of tentacles, which are hol- 
low and connect directly with the 
stomach. The latter, however, is only 
partly differentiated or set apart from 
the body, hence the name Calenterata 
(Greek, xorlos, hidden, and ¢vrepor, 
digestive tract). From the stomach 
often radiate water-vascular canals, no 
yet appearing thus far in 
the animal kingdom, the products of 
digestion reaching the tissues from 
the smaller branches of the primary 
water-yascular canals. The nervous 
system is either absent, or in different 
grades of development, from the iso- 
lated neryo-muscular cells of Hydra > 
and the seattered nerve-cells of an yig.s—aiinirend, Tubu 
Actinia, to the continuous ganglion- {2ri%.,,%% mata huts : ef, 
ated nervous ring of the minute Fro Tenney Ueotoas 
jelly-fish such as Sarsia. ‘These animals display a striking 
amount of radial symmetry, the organs and body being dis- 
posed in a radiate manner around a central vertical axis, in 
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part formed by the digestive tract. The Colenterata pre- 
sent striking examples of self-division, gemmation, and 
alternate generations, and very great extremes in degree of 
complexity of structure. 

The different groups have a high geological antiquity; 
the species of Hydroid and coral-polyps serving as time- 
marks to measure off geological periods, 


Cuass I.—Hyproz0a (Hydroids and Acalepls.) 


General Characters of Hydrozos.—An excellent idea of 
the general structure of the Hydrozoa may be obtained from 
a atudy of Hydra, the type or example of the whole class, all 
the other forms being but a modification and elaboration of 
this simple type. The characters of the class as a whole aro 
based on what is found to constitute the structure of 
Hydra. 

Order 1. Hydroidea.—The animal next higher in strac- 
ture than the sponge is the curious Protohydra discovered 
by Greef among diatoms and sea-weeds at Ostend. It is re- 
garded by Greef as the marine ancestral form of the Calen- 
terates. It is the simplest Ccelenterate yet discovered. As 
the form of the fresh-water Hydra is familiar, Profohydra 
may be best described as being similar to that, except that 
it is entirely wanting in tentacles. It is made up of two 
layers (an ectoderm and endoderm, no mesoderm having yet 
beon discovered), with a month and stomach (gastro-vaseular 
cavity). 

A more complicated form is the fresh-water Hydra, which 
is commonly found on the under sido of the leaves of aquatic 
plants. There are two varieties of Hydra eulgaris appar- 
ently common to the fresh waters of the old and new world ; 
they are Hydra viridis and fusca. Tho somewhat elub- 
shaped body consists of two layers, the inner (endoderm) 
lining the genoral cavity of the body, which serves: both az 
mouth and stomach, as well as for the circulation of the 
nutritive fluid, and is called the gastro-vascular cavity. 
‘The mouth is wirrounded with from five to eight tentacles, 
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It will be seen, to anticipate somewhat, that the Hydra, 
exactly as in the vertebrates, including man, arises from an 
egg developed from a true ovary, which, after fertilization, 
passes through a morula stage; that the germ consists at 
first of two germinal layers, while from the outer layer, as 
probably in the vertebrates, an intermediate or nervo-mus- 
cular layer is formed, which Allman thinks is the homologue 
of the middle germ-lamella of tho vertebrates (mesoderm) 
supposed to have originally split off from the ectoderm. 

In all the other Hydroids the sexes are separate, and we 
for the firat time in the animal kingdom meet with two 
sorts of individuals—i.e¢., males and females. 


sl ian Proms BR sen Mt tet by & Neemit crab, 
nasatal sine.—Prom Beekaxre Tooerloen, ” ° * “eelt (routed Yy 8 eeu 


‘The simplest form next to Hydra is Hydractima, in 
which the individual is differentiated into three sets of 
xovids—i.e., a, hydra-like, sterile or nutritive zooids ; band 
¢, the reproductive zooids, one male and the other female, 
both being much alike externally, having below the short 
rudimentary tentacles several spherical sacs, which pro- 
duce either male or female meduse. ‘These mednsa-buds 
(gonophores) are in structure like the free medusm of Op- 
ryne. The marine Hydroids, then, are usually sexaally dis- 
tinct, growing by colonies, which are either male or female, 
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Hydractinia echinata (Fig. 37) forms masses (each called a 
hpiephiton) encrusting shells. 

in Clava the reproductive buds remain permanently at- 
fere\ Tt grows in pink masses on Fucoids, about half an 
inch high, and is very common on our shores. It is repre- 
sented in fresh water by Cordylophora lacustris Allman, 
which lives attached to rocks and plants in Europe and this 
country. 

Here comes in the group of Hydroids represented by 
Millepora and Stylaster, which were formerly considered to 
be Anthozoan corals. By the researches of L, Agassiz in 
1859, and H. M. Moseley 
in 1876, Millepora, which 


. La nutritive 
America species A a Fe a” 
lepora aleicornis > 
while onr description is taken from Moseley’s account of 
Millepora nodosa Esper. (Fig. 38). Its generic name is de- 
rived from the numerous pores or calicles dotting its surface 
and arranged in irregular circular groups, consisting of a 
central calicle, or cup-like hollow, with from five to eight 
smaller calicles arranged around it. The mass of the coral, 
‘or hydrophyton, consists of fibres (or trabeculw) of lime, 
forming 4 spongy mass, traversed in all directions by tor- 
thous canals which “form regular branching systems with 
main tranks, giving off numerons branches, from which 
‘arise secondary branches, and from these again smaller 
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ramifications. The whole canal system is connected to- 
gether by a freely anastomosing mesh-work of amaller yos- 
sels, and communicates freely by numerous offsets with the 
eavities of the calicles.”” As the animals increuse in num- 
bers and die, the coral stock increases in size, the layer con- 
taining the living animals forming a thin film only, the 
bottom of the little cups or pores forming a table or plat- 
form, whence the term Zabuiata, originally applied to this 
group, the old culicles being divided by a series of trans- 
verse plates or laminw, separating them into series of cham- 
bers. Moseley shows that the corallum of Millepora is dis- 
tinguished from all other corallu by its systems of canala 
branching in an arborescent manner, while the tabulate 
structure occurs in certain Aleyonaria, Zoantharia, and in 
other Hydroida; hence the group Zadbulata, as previously 
stated by Verrill, is an artificial one. 

‘The animals of the Millepora are of two kinds; those in- 
habiting the central cup or pore are short, thick zooids, 
with a mouth and four tentacles, and only half a milli- 
metre in height ; those in the smaller pores are longer and 
slenderer, about one and a half millimetres in height, with 
from usually five to twenty tentacles, situated at irregular in- 
tervals from the base to the summit of the body. The body 
cavities of the zooids end in blind sacs at the bottom of the 
cup, but are continuous beyond with the canals of the hy- 
drophyton, the latter being defined by Allman as forming 
in the Hydroids “the common basis by which the several 
zooids of the colony are kept in union with one another."” 
As we know nothing of the mode of reproduction of Mille- 
pora, wo must leave it for the present near Hydractinia, to 
which the adult animals are nearest related. Moseley also 
discovered that Stylaster, a beautiful pink coral which grows 
at Tahiti, with the Millepora, is in reality a Hydroid, and 
not a true coral polyp, as has always been supposed. That, 
finally, Millepora isa trac Hydroid is proved, Moseley thinks, 
by the peculiar structure of the hydrophyton, the forms of 
the zooids, the absence of all trace of mesenteries, the ap- 
parent septa presont in the tentacles, and by the presence 
of thrvad-cells of the form peculiar to the Hydrozoa. The 
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living Millepora, unless handled with great care, severely 
stings the hand of the collector. 

We now come to Hydroids which throw off a free naked~ 
eyed medusa from the hydrarium (Fig. 
89). From the centre of these free 
bell-shaped, minnte jelly-fishes depends 
a hollow, epen sac called the wanu- 
brium, the cavity of which (stomach) 
opens into usually four canals, which 
rudiate from the hollow or stomach in 
the centre of the disk aud communi- 
eate with a canal following the iu 
of the disk. This he og 
the water-vascular sys- 
tem, communicating 
directly with the gas- 
tro-vascular cavity, or 
stomach, Four tenta- 


as 


TH 


: 
i 


the free-swimming 

They are said, in a fow cases, 
possess a well-developed continuous ner- 
system, consisting of a nervous ring 
around the disk (Romancs). They are bi- 


i 


is ai first oval, ciliated all 
over the surface of the body, and is called a 
‘The planula, as in Melicertun, a Pig. 2 —Fee Modu 
genus allied to Campanularia, and a type = % 76 
murine Hydroids, at first spherical, becomes pear- 
swimming about for a time attaches itself 
At then elongutes, a horny aheath (peri- 
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sarc) forms around it, tentacles arise around the mouth, 
finally the stem branches, new Hydroids arise, until a hy- 
droid community (consisting of trophosomes and gonosomes) 
is formed, and in the following spring medusa-bnds (gono- 
phores) arise, which become free (medusoids), and thus the 
reproductive cycle is completed. The developmental his- 
tory of this Hydroid is 4 good example of what is called 
“ alternation of generations.’’ 

Badding occurs in the medusa of Sarsia prolifera, the 
only example known of budding in free meduse, Mul- 
tiplication by fission has been observed in the medusa of 
Stomobrachium mirabile. The pendent stomach was seen 
by Kolliker to divide in two, becoming doubled, which act 
was followed by a vertical division of the umbrella, separat- 
ing the animal into two independent halves. Theso again 
subdivided, and Kolliker thinks this process went on still 
farther. Haeckel has found in cutting off a portion of the 
edges of the umbrella of certain Thawmantia, that the frag- 
ment in a few days became a complete medusa, 

In the Tubularian Hydroids (Tubularia, Hybocodon, Co- 
rymorpha, Monocawlus, etc., Fig. 41), 
the mode of reproduction is peculiar, 
From the medusa-buds (sporosac) is set 
free an embryo (actinula), which swims 
about or creeps on its tentacles, mouth 
downward. It then attaches itself by a 
disk-like expansion of the posterior end, 
which forms a stem until the original 
Tubularia form is attained. 

A gigantic Monocantus having sessile 
ovisacs, measuring seven feet fonrinches 
in height, and provided with a crown of 
tentucles nine inches across from tip to 
tip of the expanded, non-retractile ten- 

ti. —Memacanive pen tuclos, was dredged by the Challenger 
"Gulia Senn Expedition at the depth of four miles. 


Allman suggvats that such a deep-sea Hydroid could not, on 
acoount of the darkness and pressure of the water at such @ 
‘great depth, produce free-swimming meduse. In Tiaropsis 
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there ia no trace of s nervous system such as exists in 
Sersia, where nerve-fibres extond around the margin and 
along the nidial tubes (Romanes). 
In the groups of Campanularia, represented by Plumu- 
laria, Sertularia, Zygodactyla, Dynamena, and 
laria, tho ectoderm is protected by a horny or chitinous 
sheath (perisarc) enveloping the zooids. ‘The Hydroids re- 
tract, when disturbed, into small cells (hydrothecs), arranged 
in opposite rows on 
tho stalk as in Sertu- 
laria (Fig, 42), oF 
singly at the ends of 
the stalks, as in Cam- 
panwlaria, while the 
sheaths (gonotheca) 
protecting the medu- 
sa-buds are distin- 
guished by their 
much larger size and 
cup-shaped form. 
The Sertularians 
abound on sea-weeds, 
and may be reeogniz- 
ed from their resem- 
blance to mosses. 


owtng toe harem, wi te 
can be collected bya 

towing-net, and emptied {nto a jar, where they can be de- 

tocted by the naked eye after a little 
a yx le elas bra perhaps to the Sertalarian 
ydroids than any other known animals are the Graptolites 
‘gore which were most abandant in the Lower Silurian 
(re ind lingered us late as the Clinton epooh of the Upper 


Silurian. In Graptolithns Logani the bydroid colony (by- 
drosomo) is a long narrow blade, with a row of cells on one 
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side; in @. pristis the hydrosome is broader, more lanceo- 
late, and the sharp, tooth-like cells are arranged on both 
sides of a median stem. In Phyllograptus typus the by- 
drosome is broad and oval, leaf-like, the serrations of the 
leaf marking off the cells, which are apparently supported 
on acentral axis. The group also has some affinities to the 
Polyzoa, and is probably a generalized or synthetic type of 
animale, 

Order 2. Discophora.—We now como to medusw which 
differ from the Hydromedusm in 
developing directly from eggs; 
in having usually no velum ; with 
branching gastro-vascular canals, 
and covered sense-organs. They 
intergrade, however, with the 
Hydroidea by the members of the 
group or sub-order Trachymedu- 
2@, represented by the genera 
Agineta, Geryonia, etc, These 
are small jolly-fishes, with often 
a remarkably long proboscis 
(manndrium), a8 in Geryonia, 
and with either four single radi- 
ating canals, or, in addition, as 
in Geryonia, a number of smallor 
canals on the edge of the disk ; 
or, a in # still more complicated 
form, Charybdaa, the radiating 

Pig. 48 — Lind canals are branched, thus con- 
aie aig ewes necting this group with the true 
coyered-eyed Acalephs, such as Aurelia. 

O. and R, Hertwig have fully confirmed Haeckel’s discoy- 
ery of the nature of the nervous system in the Geryonida. 
They find that tho nervous aystem is developed in the eeto- 
dorm and consists of two “‘ ring-nerves” around the edge 
of the disk, formed of two filaments, one lying on the upper, 
the other on the under side of the velum, immediately at its 
insertion. From this double nervous ring filaments are sent 
off to the ganglia near the sense-organs, This sort of # 
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norvons system is present in the Mguoride and Bginida, 
but is most distinct and best developed in the Geryonide 
(Glossocodon and Carmarina). 

‘The Hertwigs have also observed in these Trachynemidw 
organs of taste, consisting of groups of long stiff hairs at 
the base of the tentacles. They have been observed in 
Rhopalonema velatum, Aglaura nemistoma, and in Cunina, 
whore the hairs are shorter, 

‘The oggs, in developing, after total segmentation (morula 
state) pass into « ciliated Uageton anseh aad r 
being at first apparently no primitive gastric cavity; the 
body of the embryo or planula remains spherical, as in Gery- 
onia, there being a slight metamorphosis ; or, as in Poly- 
zenia and Aginopsis, where there is a decided metamor- 
phosis, the spherical ciliated planula greatly lengthens out 


a central cavity and mouth appear- 
ing. At right angles to the two primitive arms bud out 
two others, and finally others appear on the lower edge of 
the umbrella, and after slight changes tho adult form is as- 
sumed. Qunina ia at first spherical, then, a single arm 
developing, it becomes club-shaped ; finally, the fall num- 
ber of arms grow out, and the mature form results. It ap- 
pears, then, thut in the mode of development from eggs, 
without passing through a hydra-like condition, and in the 
structure of the body, the Zrachymedusm connect the cov- 
ered-oyed modnaw with the naked-eyed or Hydroidea. The 
American forma live in the waters of the Carolina shores. 
Cunina octonaria McCrady lives in Charleston Harbor. 
Ownina has boen found by Haeckel growing on the columella 
ot Geryonia, and McCrady has found that our native Cunina 
ie ae on Twrritopsis, a hydroid medusa, 

The Lacernaria, or Calycozoa, which, necording to Clark, 
form an order of Acalephs, are, with Huxley, regarded as 
asmborder of Discophora. With essontially the structure 
of the Anrelia and allies, Zucernaria differs in having the 
power of attuching itself by a sucker on the smaller end of 
its hody to sea-weeds, but can detach itself at will and swim 
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about like the Aurelia by alternate contractions and oxpan- 
sions of the umbrella. We will now enter into a more com~ 
plete account of this group based on Clark’s characteriza- 
tion. The disk is more or less octagonal or circular, um- 
brolla, funnel or arm-shaped, the end opposite the mouth 
ending in a pedicel, by which it is attached temporarily to 
sea-weeds, The mouth is square, and between the ectoderm 
and endoderm is a jelly-like layer constituting the musculo- 
gelatiniform Jayer (mesoderm) much as in Aurelia, This 
layer extends into the tentacles and marginal anchors, as 
well as into the pedicel. The cavity of the disk is divided into 
four quadrant chambers, separated by as many partitions, 
which extend from the mouth into the lobes nearly to the 
margin between the tentacles. The latter are arranged in 
eight groups or tufts just within the margin of the disk, at 
eight points, which alternate with the four partitions and 
the four corners of the mouth. The tentacles are hollow, 
opening into the radial canals of the general cavity of the 
body, and end in a globular or spheroidal expansion, serr- 
ing as an organ of touch or prehension. In some forms, ag 
Halielystus auricula Clark, marginal anchors are situated 
at oight points, exactly opposite the four partitions and the 
four corners of the mouth ; they are originally tentaculiform, 
but in adult life form organs by which they adhere to or 
pull themselves from place to place. The sexes are distinct, 
the reproductive glands having the same position in each 
sex, Nothing is ubsolutely known of the mode of growth 
of these animals, but development is supposed to be direct. 
Our common Lacernarian is Haliclystus awricula Clark. 
Its umbrella-shaped disk is an inch in diamoter ; including 
the tentacles, an inch and a half ; the pedicel half an inch 
long. It ranges from Cape Cod to Greenland and south. 
ward to the coast of England, and may be found on eel- 
gras botwoon tido-marks. 

Aovorling to A. Moyer, the ond of the stalk when ont off 
produced a now disk, and even picoos ont off between them 
became complete Luvernaria, ovincing the extraordinary 
powers of reproduction in these interesting jelly-fish, 

Coming now to the true Discophora, jelly-fish, sea- 
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nettles, sun-fish or Acalephs, of which there are about 
ninety known species on the eastern coast of the United 
States, we may study ss the type of the suborder the 
common Anrelia flavidula Péron and Lesueur of our 
coast, which is closely allied to the Aurelia aurita of the 
European shores, It grows to the diameter of from eight 
to ten inches, becoming fully mature in August, the young 
appearing late in April in Massachusetts Bay, being then 
not qnite an inch in diameter. ‘The mature ones may be 
easily captared from a boat or from wharves. On a super- 
ficial examination, as well as by cutting the animal in halves 
and making several transverse sections with a knife, the lead- 
ing points in its structure may be ascertained. Its tough, 
jelly-like diak is moderately convex and evenly curved, while 
four thick tentacles depend from between the four large geni- 
tal pouches ; the tentacles unite below, forming a square 
mouth-opening, the edge of which is minutely fringed to the 
end of the tentacles. On the fringed margin are eight eyes, 
each covered by a lobule and situated ina peduncle, and 
occupying a8 many slight indentations, dividing the disk 
into eight slightly marked lobes, The subdivisions of the 
water-vascular canals or tubes are very namerous and anas- 
tomose at the margin of the disk, one of them being in 
direct communication with each cye-peduncle. When in 
motion the disk contracts and expands rhythmically, on the 
average twelve or fifteen times a minute ; on the approach 
of danger they sink below the surface. 

While a distinct nervous system has not been discovered 
in Aurelia, Romanes suggests that there are primitive nervo- 
muscular cells, such as those shown by Kleinenberg to exist 
in Hydra, and he concludes, after a series of experiments 
on Aurelia aurita, that the whole contractile shoet of the 
bell presents not merely the protoplasmic qualities of ex- 
citability and contractility, but also the essentially nervous 
quality of conducting stimuli to « distance irrespective of 
the | aoe of acontructile wave. The later researches of 
0. and ‘R. Hertwig show that the nervous system of 

or vovered-eyed Medusw) is much 
tore primitive than in the naked-eyed or craspedote forms, 
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such as the medusm of the Hydroids and the Zrachy- 
nemide. In the European Nawsithoe albida and Pelagia 
noctiluee no nerve-ring is prosent, for this is impossible 
owing to their deeply indented disks. There are instead eight 


6 ectoderm; d, 

After Moteehnikott. 
separate nerve-tracts which unite with the sense-organs in 4 
special clovation of the edge of the disk, forming so-called 
sense-bearers, which alternate with the eight tentacles. 
Awrelia anrifa has a similar disconnected nerve system.* 

Eimer confirms these discoveries, and states that the ner- 
vous system in these Hydrozoa arises from the ectoderm. 


ig. 47. — Ey 
enti Sea condlon of 
Aga 


Wig. 40—Strobile of Aw 
rile farédnia, — After 
Agmeti. 


Tho Aurelia flavidula spawns in late summer, the females 
being distinguishable by their yellowish ovaries, the mule 
glinds being roseate, while the tentacles of the fomales are 


* Jennische Zersehrift, 1877, p. 355, 
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shorter and thicker than in the males The eges pas ont 
of the mouth inte the water aloug the channeled arms, and 
in October the ciliated gustrula becomes pear-shaped and 
attaches itself to rocks, dead shells, or sea-weeds, and then 
assumes a Hydra form with often twenty-four very long 
tentacles. This stage was originally deseribed as a distinct 
animal under the name of Scyphistoma, sotanceire 
toma stage (Fig. 45) it remains aboot 

Sonal Chonan of thiaigorih the Sony Seommen toro 
and divides into a series of cup-shaped diske. Those saucer- 
like disks are scalloped on the upturned edge, tentacles bod 


out, and tho animal assumes the Strobila stage (Fig. 46). 
Finally, the disks separate, the upper one becomes detached 
and dies, but the others swim away in the Aphyra form 
(Wig Al) han ’atnak:a/Ath inf an ined fa diameter, ond 
toward the middle or end of summer becomes an adult 
Aurelia (Fig, 48). 

‘Though the Aurelia haz lasso-cella it is not poisonous to 
bathors. Nob so, however, with the gigantic Cyanea arctica, 
bari oet tentacles are poisonous ; fishermen ag well us 

often annoyed by them. This giant jelly-fish 
eM IER ret oom laa ffs be core 
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the disk, though it is produced from a Scyphistoma not 
more than half an inch in height. Pelagia campanella and 
a few other forms do not undergo this metamorphosis, but 
grow directly from the eggs. 

Various boarders or commensals—viz., temporary non- 
attached parasites—live in or under the mouth-cavity or be- 
tween the four tentacles of the larger Acalepha. Such is the 
little Amphipod Crustacean, Hyperia, which lives within 
the month, while small fishes, such as the butter-fish, swim 
under the umbrella of the larger jelly-fishes, Cyanea, etc., for 
shelter and protection. Besides small animals of various 
classes, the larger jelly-fishes kill by means of their nettling 
organs small cuttle-fishes and true fishes, the animals being 
paralyzed by the pricks of the minute barbed darts. 

Order 8, Sipkonophora.—These are so-called compound 
Hydroids, living in froc-swimming colonies, consisting of 
polymorphic individuals, or, more’ properly speaking, zooids 
—that is, organs with a strongly murked: individuality, but 
all more or less dependent on each other. A Siphonophore, 
auch as Physalia, for example, may be compared to a s0- 
called colony of Hydractinia, in which there are nutritive 
and reproductive zooids and medusa-buds. In Phyealia 
thero are four kinds of xooids—i.e. (1) locomotive, and (2) 
reproductive, with (3) barren medusa-buds (in which the 
proboscis is wanting), which, by their contractions and 
dilatations, impel the free-swimming animal through the 
water ; in addition, there are (4) the feeders, a set of di- 
gestive tubes which nourish the entire colony. There are 
numerous genera and species (one hundred and twenty are 
known), whose structure is more or less complicated and 
diffoult to understand without many figures and Jabored 
desoriptions, Wo will select as a type of the order our 
Physalia Arethusa of Tilesius, or Portuguese man-of-war 
(Fig, 49), which is sometimes borne by the Gulf Stream as 
far north as Sublo Island, Nova Scotia. It is excessively 
poisons to the touch, and in gathering specimens on the 
shores of tho Florida roofs wo have unwittingly been stung 
hy nearly dead, stranded individuals, whose sting burns like 
condensed firo and leaves a sovere and lasting smart, 
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The colony or hydrosome of the Portuguese man-of-war 
conaista of long locomotive tentacles, which, when the ani- 
mal is driven by its broad gail or float before the wind, 
stretch out in large individuals from thirty to fifty feet. 
‘These large Hydra-like zooids are arranged in small groups, 
arising from a hollow stem com- 
municating with the chymiferous 
cavity extending between the in- 
ner and outer wall of the float. 

The ‘*foeders’’ are of two kinds, 


cating with the chymiferous or 
body-cavity. LL. Agussiz, whose 
description of this animal we are 


Velelia, or the swimming-bells of Halistemma. 
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‘The Siphonophores, as observed in Agalma, Epibulia, 
Halistemma, and other forms, arise from eggs which pass 
through a morula, planula, and gastrale stage. The further 
development of Halistemma carum, a Siphonophore native 
to the shores of New England, has been described by A. 
Agassiz as follows : In the earliest stage noticed the young 
looked like an oblong oil-bubble, with a simple digestive 
cavity. Soon between the oil-bubble and the cavity arise a 
number of medusa-buds, though without any proboscis 
(manubrium), since the medusa-buds are destined to form 
the “* swimming-bells,”’ which take in and reject the water, 
thus forcing the entire animal onward. After these swim- 
ming-bells begin to form, these kinds of Hydra-like zooids 
arise, In one set the Hydra is open-mouthed, and is, in 
fact, a digestive tube ; its gastro-vascular cavity connecting 
with that of the stem, and thus the food taken in is cireu- 
lated throughout the community. These are the so-called 
“*feeders.’’ ‘The second set of Hydras differ only from the 
feeders in having shorter tentacles twisted like a corkscrew. 
In the third and last set of Hydras the mouth is closed, and 
they differ from the others in haying a single tentacle in- 
stead of a cluster. Their fanction has not yet been clearly 
explained. New zooids grow ont until a long chain of 
them is formed, which moves gracefully through the water, 
with the float uppermost, 

All the Hydroids in their free state as meduse are more or 
lees phosphorescent, and as much or more so after death, 
when their bodies become broken up, and the scattered frag- 
ments light up the waves whenever the surface of the ocean 
is agitated. From this cause the sea is especially phosphor- 
escent in August and September, when the jelly-fishes are 
dying and disintegrating. These creatures serve as food for 
the whalebone whales, which swallow them by shoals. 

‘The smaller species are abundant in the circumpolar seas, 
while in the tropics the Siphonophores are especially nu- 
merous, none occurring in the Arctic regions. The Hy- 
droids are widely distributed, a species of Campanularia be- 

non to the Arctic and Antarctic seas. The species 
on the New England coast are in many cases 
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found in Northern ‘efrenmpoarin heir range 
A distinct assemblage lage of Berta Sertulariana, characterized by the 


large number of species of Pinmularia, inhabits the Florida 
seas down to » depth of five hundred fathoms. Among 
the Discophora the Lucernaria are arctic as well as temper- 
ato forma, while Cyanea is peculiar to the Northern Hemi- 
sphere. Avwrelia and Pelagia are cosmopolites, while Rhaco- 
pilus, Placois, and Lobocrocis are peculiar to the Southern 
Hemisphere. The larger number of species are tropical and 
sub-tropienl. As regards their bathymetrical distribution, 
while several species extend to the depth of five hundred 
fathoms, Monocanlus flourishes in gigantic proportions at 
the enormous depth of four miles. 

The range in geological time of the Discophora extends 
to the Jurassic period (middle Oolitic), large species of jelly- 
fishes occurring in the Solenhofon slates. The genus Hy- 
dractima first appeared in the Cretaccons period, Grapto- 
lites wore common in the shales of the Potsdam poriod, so 
that if Graptolites are Acalephs, the latter are probubly as 
old a type as any, being contemporancous with trilobites, 
brachiopods, worms and sponges, 


Crass L=THE HYDROZOA. 
Dele eh ones en 6 ot attached by Oe aboral end, composed of 


Producing whieh on being set free are called we: 
dune (or mectusoidy) and are Mecrwat.* In these meduse the boaly ix diek 


@ form salted to Ry@mecinis, @ gonopbory which had 
Seeeemmeencrsmro eats 
“Allnnats he mane thing fii Cortylophore 
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thread-ring around the disk, and with grnglia near the wense-organs. In 
Hydra the nercows system is represented by nerco-nvuscie celle ; mewse- 
organs nanally present, represented by simple eyes and auditory vesicles 
(lithocyste), the treo not usually cocnating, Netting organs (nenwatocyets) 
usually present, and eapweially characteriatic of the class, being most alun- 
dant on the tentacles, 

The sexes rarely united, umwally distinct, Gin 5 Mite ONT 
morphiam in the individual hydrosome, the animat being 
only into polypites and gonosomer, but, in i frocoaleamtag orate 
locomotive sovids, Reproduction takes place by budding, and by fertilised 
eggs developed in glands attached to or dependent from the primary ra- 
diating canals, The species undergo either a slight or marked metamor- 
phosis, the free gonophores being meduse (or medusoids), which produce 
ear, from which in swome Discophora (auch ax Aurelia) aries euccesnively 
@ morula, gastrulis, planula, scyphistoma, stroAila, and adult medusa, 
representing distinct stages of growth. 


Order 1. Hydrotdea, —The individual either not differentiated Into 
zooids, as in Protokydra and Hydra, ar consisting of nutri- 
tive and reproductive zooids forming a compound, station- 
ary, branching, moss-like body (hydrosome), the medusa- 
buds remaining om the gonosomes or becoming free medusm, 
with usually four simple radiating canals, a velum, manu- 
brium, and naked eyes, Hydrosome either naked or as in 
Sertularia, etc., protected by a horny sheath, or forming, as 
In Millepora and Heliolétes, a massive corallum. Suborder 1. 
Twhularia (Hydra, Clava, Hydractinia, Millepora, Tubularia), 
Suborder 2. Camponularia (Plumularia, Dynamena, Cam- 
panularia, Aquorea, Zyyodactyla). 


Order 2, Discophora.—Meduse like those of the Hydroids, but with 
the four primary radiating canals usually subdividing into 
numerous branches, the eyes more or less covered by a Rap: 
the velum often absent ; often four genital pouches, dis- 
charging egys into tho gastro-vascular cavity ; usually of 
large size, and developing either directly from eggs, or, ns 
in Aurelia, passing through a gastrula, scyphistoma, and 
strobila stage, not being developed from a hydra-like poly- 
pite, Subonier 1, Trachymeduss (gina, Cunina, Gery- 
onia, Charybdwa) Suborder 2, Zucernaria (Lucernaria). 
aa 8. Acalepho (Pelagia, Cynnea, Aurelia, Rhizos- 
toma), 


Order 8. Siphonophora. —Free-swimming, polymorphic hydrogomes, 
with nutritive, feeding, reproductive and locomotive zoolds, 
Suborder 1, Physophora (Agalma), 2, Phywalie (Physalia), 
3, Galycophorm (Diphyes), 4. Discoitlen (Velelta, Porpita), 
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Hore —Setaicwnies sirahde Aituas is the type of s new order 
of Figure by Allman Thecomediusn, 

aod is parasitic in 

Hydrold, and cannot be referred to any of the existing orders of the 
Hydrozoa, The chitinous tubes which permeate the sponge-tissue are 
‘united toward the base of the sponge, and constitute a colony of zovids. 
Tu many respects it is said to resemble the Cumpanularia, 


‘Vinw oF THE CLASSIFICATION OF THE HypRozoa. 


lean, 
(ydra.) 





Laboratory Work,—The common Hydroids, such as Coryne, Sertu- 
lorie, ete, may be collected from sea weeds or the piles of wharves 
between tide-marks, while the moduse may be obtaincl by the 
hand-net, or tow-net from a boat, The meduse especially abound 
in eddies off points of land where different currents of the sea meet. 
Towing fs most effectively pursued after sunset and early in the even- 
ing, when the sea is calm, and the jelly-fish swim near tho surface. 
‘They should be placed in the fara by inverting the net in the water of 
the jar, and examined at once, as many will have perished by the next 

Jelly-fish can also be reared in roomy aquaria, in which 
plenty of air is introduced by ranning water. 

‘The larger medusw, such as Aurdia and Cyonea, should be sliced 
fn sections in order to study their gross anatomy, and portions snipped 
‘off with scissors to be examined with the microscope. The animals of 
Sertularians, Coryne, etc., can be studied alive in animalcule-boxes 
and growing-cells, The coral stock of Millepora was examined by 
‘Moseley in ground sections. ** Portions of the living coral were placed 
‘in absolute aleohol, chromic acid, and glycerine ; portions were further 
tredted with amie acid and transferred to glycerine or absolute alcohol. 
Fragments of the hardened coral were afterward decalcified with 
hydrochloric acid, and the residual soft structures were cither mounted 
entire for examination, or cut in the usual manner into fine vertical 
‘and horizontal sections, which were then stained with carmine or 
magenta. The specimens hardened tn osmic acid, and decalcified after 
oe fp absnlute alcohol, yiclded the best histological 
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While the jelly fishes should he stuched alive, the larger ones can he 
preserved in alcohol, after being killed by the gradual addition of 
alcohol to the sea-water in which they are living. The senall medase, 


us to trace well the limits of the cella, Tbe small jelly-fishes may be 
placed in a very weak solution of osmic acid (j to #5 per cent. of 
water) varying with the size of the animal, for from fifteen to twenty- 
five minutes, when the animal turns brown. This brings out clearly 
the gastro-vascular canals, The specimen can then be placed in strong 
alcobol, without losing its form and transparence. ‘These animals and 
all other transparent animals can be well kept in a concentrated, watery 
solution of pieric acid. Professor Semper tells us that all soft animals, 
worms as well as hydroids and polyps and mollusks, may be killed ex- 
panded in chromic achd (1% per cent), or in acetic ackd of variable 
strength, and then preserved in alcohol. 


Oxass Il.—Tax Acrrxozoa (Sea-Anemones and Coral 
Polyps). 


General Characters of Actinozoans.—So persistent is the 
form and structure of the body in these animals, that a 
study of the common sea-anemone will enable the student 
to readily comprehend the leading and most fundamental 
characteristics of the class. 

The common Actinia of our coast (Mefridinm marginatum) 
is to be found between tide-marks on rocks under sea-weeds, 
or in tidal pools, but grows most Inxuriantly on the piles of 
bridges. Tt readily lives in aquaria, where its habits may 
be studied. An aquarium may be improvised by using a 
preserve-jar or glass globe, covering the bottom with sand, 
with a large flat stone for the attachment of the sea-ane- 
mone. By placing a green sea-weed (ulva) attached to a 
stone in the jar, and filling it with sea-water, the antmal 
muy be kept alive a long time. After obsorving the move- 
ments of the crown of tentacles as they are thrust out or 
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withdrawn, specimens may be killed expanded by the grad- 
nal introduction of fresli water, or by plunging them into 
picric acid. They should then be transferred to the strong- 
eat alcohol, and allowed to soak in it for two or three days 
until the tissues become hard enough to cut well. Then 
vertical and transverse sections may be made with a sharp 
knife. The first fact to observe is, that an alimentary canal 
is much more clearly indicated than in the Hydrozoa, there 
being a distinct digestive sac, separate from the body-walls, 
hanging suspended from the mouth-opening, and held in 
place by six partitions or septa (mesenterics), which divide 
the body-cavity into a number of chambers. The digestive 
sac is not closed, but is open at the bottom of the body, 
connecting directly with the chambers, so that the chyme, 
or product of digestion, passes down to the floor of the 
body, and then into each of the chambers; thus, by the 
movements of the body in opening and closing, the chyme, 
mixed with the blood, is distributed throughout the body ; 
this rade mode of circulation being the only means of dis- 
tribution of the nourishment contained in the circulating 
fiuid, there being no distinct canals, as in the Hydrozoa. 
These mesenteries may be best studied in a cross-section of 
the animal after being hardened. It will be found that 
there are six pairs of complete or primary septa or partitions 
(mesenteries) which hold the stomach in place, and a num- 
ber of pairs of shorter ones of unequal length between the 
complete ones. There are never less than twelve of the 
partitions, even in the young, and when more 
numerous they occur in multiples of six (Clark). On the 
free edges of these shorter mesenteries, which do not extend 
out to the stomach, there is a mass of long coiled filaments, 
the mesenterial filaments (crespeda, Fig. 50, er), which con- 
tain Iaseo-cells, situated in a peripheral layer, while the fil 
ment is hollow and contains yuanin. In dissecting the 
sea-anemone these mesenterial filaments are always more 
or less in the way, and have to be carefully removed so as to 
expose the ovaries and adjoining parts. They prees out of 
the mouth and tho cinclides (small openings through the 
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body-walls), not always present, and end of the tentacles, 
and thns come in contact with animals forming their food. 
‘The ovaries and spermaries can be distinguished by their 
forming masses of closely convoluted tubes much thicker 
than the mesenterial filaments, and situated on the outside 
next to the free edge of each mesentery ; they are also of a 
pale lilac tint in Mefridium marginafwm (Fig. 50, 0). They 
are not easily distinguishable from each other by the naked 
eye, The figure shows at the base of the body the free 
edges of the mesenteries (m) of different heights, with the 
spaces between them through which the chyme passes into 
the body-cavity. For the com- 
plete passage of the circulating 
fluid the six primary mesenteries 
are perforated by a large orifice 
(op) more or less oval or kidney- 
shaped in outline (Fig. 50). The 
digestive sac is divided into two 
divisions, the mouth and stomach 
proper, the latter when the ani- 
mal is contracted being much 
shortened, and with the walls 
vertically folded, as seen in the 

tte ont, 
In the tentacles are lodged the 
son; lasso-cells or nematocysts, and 
mp the tentacles are hollow, com- 
mini King municating directly with a cham- 
ber or space between the mesen- 
teries, and are open at the end. When a passing shrimp, 
small fish, or worm comes in contact with these tentacles, 
the lasso-colls are thrown ont, the victim is paralyzed, other 
tentacles assist in dragging it into the distensible month, 
where it is partly digested, and the process is completed in 
the second or lower division of the digestive canal. The 
bones, shells, or hard tegument of the animals which may 
be swallowed by the Actinia are rejected from the month 
after the soft parts are digested. Pigment-colls, which are 
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supposed to be liver-cells, are said to be situated in the walls 
of the stomach, and the mesenterial filamenta have been sup- 
posed to act as kidneys in taking up and excreting the waste 
products of digestion, but this has not been proved and seems 
improbable, ‘The blood, or sea-water, mixed with particles 
of food (** chylaqueous fluid ’’), the result of digestion, was 
supposed by Williams to represent the chyle of higher ani- 
mals and to contain white blood-corpuscles, but this has 
been denied by Lewes (‘* Sea-side Studies”’) on apparent good 
grounds. Bilateral or right and left symmetry is faintly in- 
dicated in the young and old Actinia, as well as in some 
corals, as pointed out by Clark. 

While no true nervous system is known to exist in the 
Actinoroa, Duncan has discovered in the baso of the body a 
plexus of fusiform ganglionic cells connected by nerve-fibres. 
Isolated nerve-cells have been discovered by Schneider and 
Rétteken near the pigment-cells or supposed eyes at the 
base of the tentacles of the Actinia, In connection with 
these nerve-cells are certain round refractive cella (Haimean 
bodies) and other long cells, called the Rétteken bodies. 
The former are thought by Professor Duncan to carry light 
more deeply into the tissues than the ordinary epithelial 
cells, This is also the ease with the elongated Rotteken 
cellg and others similar to them, called bacilli. All these, 
when brought together in this primitive form of oye, 
“éoncentrate and convey light with greater power, so 
as to enable it to act more generally on the nervous sys- 
tem probably not to enable the distinction of objects, but 
to cause the light to stimulate a rudimentary nervous sys- 
tem to actina rellex | manner on the muscular system, which 
is highly developed.” (Duncan.) 

Nearly all the Actinozoa increase by budding, new indi- 
viduals arising at the base or edge of the pedal disk of the 
old ones. Clark has seen in Metridium marginatum as 
many as twenty buds soparate from tho parent sea 3 
* Asin Hydra they arise as simple rounded protuberances, 
but in a short time six short tentacles make their appear- 
ance at the free end, and 4 minute oblong aperture, the 
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mouth, is found in their midst in such a way that ita two 
ends have a tentacle opposite each, and the other four dis- 
posed two on one side and two on the other. Within, the 
organs arise at points corresponding to the position of those 
outside. The semi-partitions, twelve in number, begin as 
mere ridges, which extend in pairs from the anterior end of 
the stomach along the oral wall toward its border.’’ Adult 
Actinive sometimes, though rarely, subdivide longitudinally, 
but it is not uncommonly observed in the corals, in which 
cases only the heads and stomachs divide, the general cay- 
ity remaining common to the two. 

The development of Actinia mesembryanthemum has been 
traced by Lacuzo-Duthiers. The young Actinia attains 
maturity without any metamorphosis. The egg is supposed 
to undergo segmentation within the ovary. In the state in 
which the embryo was observed by Lacaze-Dathiers it was 
oval and surrounded by a dense coat of transparent conical 

spinules. Soon the two primitive germi- 

nal Jayers (ectoderm and endoderm) 

wero observed. ‘T'wo lobes next appear 

within the body; these subdivide into 

four, eight, and finally twelve primitive 

lobes. This stage is represented by the 

corresponding stage of the coral (Fig. 55, 

B). Not until after the twelve primitive 

lobes are fully formed do the tentacles 

begin to make their appearance. When 

the first twelve tentacles have grown out, 

‘ulations, twenty-four more arise, and so on, until 

with its increasing size the Actinia is 

provided with the full number peculiar to each species. 
Lacaze-Duthiers observed the same changes in two species 
of Sagartia, and in Bunodes gemmacea. Fig. 51 represents 
the ciliated gastrula of an unknown polyp allied toAalliphobe. 
While Metridiwm and Bunodes are types of the ordinary 
form of Actinoids, certain forms, like Halcampa producta 
Stimpson (Pig. 62), are quite long and live fixed in the 
mud or sand, Allied to Halcampa is Edwardsia, which 
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lives in deep water. Its young, however, is at an early 
stage of its existence a free-swimming polyp, which was 
originally described as an adult animal under the name of 
Arachnactis. In Zoanthus the tegument is tough and 
leathery, and the different polyps are con- 
nected by stolons, ZEpizoanthus americanus 
Verrill lives in deep water, off the coast of 
Now Jersey and Southern New England, in 
about twenty fathoms. Cerianthus, a gigantic 
form, a native species of which (C. dorealis 
ill) lives at the depth of one hundred 

fathoms in the Gulf of Maine deeply sunken 
in the mnd, where it secretes a shiny leathery 
tube, is perforated at the end of the body; 
the _young of a corresponding European 
species is also free-swimming, like the young 
Edwardsia, 

The coral polyps differ from the Actinoids 
in secreting in the mesoderm a limestone 
base, from which arise in the Zoantharian 
corals stony septa serving as a support to the 
animal ; these septa are deposited or secreted 
in the chambers, so that in the coral polyp 
there are soft partitions alternating with the 
limestone ones, the latter formed at the base 2 
of the polyp, not completely filling the inter- cals oducts 
mesenterial chambers. pom 

Order 1. Zoantharia.—We will now enumerate some of 
the leading forms of the first order of Anthozoa, the Zoan- 
tharia, to which the sea-anemones and most of the stony 
corals belong. The group is called by some recent authors 
Hezacoralla, the pumber of primary chambers and tenta- 
cles being six, the latter rounded, conical, or filiform. In 
the simple cup-shaped corals, as Dellocyathus and Cu 
phyltia, the coral forms «cup or theca, the lame’! 
arise from the base terminate in aa many septa, 
between which are termed Joculi. A central 
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dently, is called the columella, while the small separate pillars 
between the columella and the septa are termed paluii. In 
the compound or tree-like corals, cach young coral polyp 
forms a calicle, theca, or limestone support of its own, which 
unites with the other by calcification of the connecting sub- 
stance of the common body. This intermediate layer is 
termed canenchymu (Huxley), 

The simpler corals consist of but a single calicle contain~ 
ing one polyp, as in Flabellum, Deltocyathus, and Caryo- 
phyllia. They live free, fixed in the mud in deep water, 
and occur in water with a temperature of about 32° Fahr. 
Flabellum angulare Moseley has beon dredged off Nova 
Scotia in 1250 fathoms. 

Deltocyathus Agassizii, which is not uncommon in the 
Florida channel, at depths varying from sixty to three hun- 
dred and twenty-seven fathoms, has been dredged by us at tho 
mouth of Massachusetts Bay, in one hundred and forty fath- 
oms (temperature 39° to 42° Fahr.). An allied form is 
Ulocyathus arcticus Sars, said by Duncan to be the same as 
Flabellum laciniatua Edwards and Haime, a fossil of the 
late tertiary, dredged by us in one hundred and fifty fath- 
oms, near St. George's Banks, Gulf of Maine, 

Tn the family of which Oculina, the eyo-coral, is a type, 
the polyp stock is compound, branched, increasing by Int- 
eral buds, Lophokelia prolifera Pallas (Pig. 53) occurs 
in tho seas of Norway, and will possibly be found to ocour 
on the banks off Nova Scotia and Newfoundland, since it 
lives in the Florida Straits, in from 195 to 315 fathoma, 

In Meandrina, or the brain-coral, Frvia, Astraaand As- 
trangia, we havo representatives of the important group 
Astraacea, in which the corallum is massive, more or loss 
hemispherical, and the polyp-cells or calicles are distinetly 
lamello-radiate within, and generally so without. Budding 
is always carried on by division of tho disks, or by spon- 
taneous fission. In Mussa the polyps are sometimes two 
inches in breadth, as large as ordinary Actiniw, Diploria 
corebriformis Fdwards and Haime is s brain-coral which is 
common in the West Indies and at the Bermudas, some- 
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times growing to a diameter of three feet. The common 
largo West Indian brain-coral is Meandrina labyrinthica. 
In Astrea pallida Dana, of the Feejee Islands, the polyps 
are pale, the disks bluish gray, and the tentacles whitish. 
The polyps of many corals are beautifully colored. Those 





Fig. 58.—Lophoddia protifera.—Afver Wyvillo Thompson 
of Astrengia Dane Agassiz are white. In this coral, as 
observed by Dana, the polyps stand prominently above the 
calicles, as only their bases secrete coral. The tent 
have minute warty prominences, each full of lasso-c 
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‘This coral ranges as far north as Nantucket and Buzzard’s 
Bay. In the mushroom corals, Fungia, the large corallam 
is the secretion of a single polyp which may bea foot in 
length. Large branching corals abound on the reefs of 
Florida, the most-abundant of which grows nearly two foot 
high and branches ont like the horns of adeer. Such is 
Madrepora cervicornis Lamarck. 

While agamogenesis or alternation of generations is rare 
among the Actinozoa, Semper has observed two species of 
Fungia which he considers to reproduce in this way. The 
corals “* bud out from # branched stem, and then become 
detached and free, as is the habit of the genus.”’ Huxley, 


Fig. 4.—Corsl polyp (Aatroktes calycalarls) expanded.—From Tonuey’s Zoclegy. 


from whom wo take the statement, questions whother this 
is a case of genuine agamogenesis, 

As a good example of the mode of development of one of 
the suborder Madreporaria, we will, with Lacaze-Duthiers, 
atndy the development of Asfroides calycularis Pallas. 
The period of reproduction takes place between the end of 
May and July, the young developing most actively at the 
end of June. Unlike Actinia, which isulways hermaphro- 
ditic, this coral is rarely 60, but the polyps of different 
branches belong to different sexes. 

Asin the other polyps, including Actinia, the eggs and 
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spermatic bodies rupture the walls of their respective glands 
situated on the fleshy partitions As in Actinia, Lacaze- 
Dathiers thinks the fecundation of the egg occurs before it 
leaves the ovary, when also the segmentation of the yolk 
must take place. Unlike the. embryo Actinia, the ciliated 
young of the coral, after remaining in the digestive cavity 
for three or four weeks, make their way out into the world 
through the tentacles. The appearance of the young, when 
first observed, was like that in Fig. 55, A, being an oval, 
ciliated gastrula with a small mouth and a digestive cavity. 

The gastrula changes into an actinoid polyp in from 
thirty to forty days in confinement, after exclusion from the 
parent, but in nature in a 


less time, and it probably 

does not usually leave the 

mother until ready to fix AS 

itself to the bottom. = 
Before the embryo be- A 


comes fixed and the tentacles 


arise, the lime destined to : 
form the partitions begins 

to be deposited in the endo- 

derm. Fig. 55, 0, shows the 

twelve rudimentary septa. 

‘These after the young polyp ra 


or “actinula’? has become 

stationary, finally enlarge ma S5.Devslopment of com) poten, 
and become joined to the 3,xowm i th wept 

external ‘walls of. the coral ER cnt ‘te onto 

now in course of formation,” ne ean 

(Pig. 55, C, c), forming a groundwork or pedestal on which 
the actinula reats, 2 represents the young polyp resting 
on the limestone pedestal. 

Lacaze-Duthiers found that the embryo polyp which had 
been swimming about in his jars for nearly a month, sud- 
denly, within the space of three or four hours after a hot 
siroceo had been blowing for three days, assum form 
of small disks (Fig. 55, 2), divided, as in the , into 
twelve small folds forming the bases of the partitions within, 
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The tentacles next arise, being the elongation of the 
chambers between the partitions, six larger and elevated, 
six smaller and depressed (Fig. 55, D). The definitive form 
of the coral polyp is now assumed, and in the Astroides it 
becomes a compoynd polypary. 

There are but few facts regurding tho rate of growth of 
corals, Pourtales states that a specimen of Meandrina 
labyrinthica, measuring o foot in diameter and four inches 
thick in the most convex part, was taken from a block of 
concrete at Fort Jefferson, Tortugas, which had been in the 
water only twenty years. Major E. B. Hunt calculated 
that the average growth of a Mwandrina observed by him 
at Key West was half an inch a year. From the observa- 
tions and specimens collected by Mr. J. A. Whipple, as 
stated by Verrill, a Madrepora found growing on the wreck 

of the Severn grew 
toa height of sixteen 


& 
« 
A feet in sixty-four 
years, or at the rate 
@ of three inches a 
year. 
The group Rugosa 
of Milne-EKdwards 


Ph esr ben miyt od paradore : b. vertical ee and Haime contains 


one nr a large number of 


palewozoic corals, which are mainly characterized by septa 
proceeding from four primary ones, the number in all liv- 
ing corals being six ; and also by “the oecurrence in them, 
alone of all Anthozoa, of intracalicinal gemmation.’" 
Pourtales has doubtfully referred to this group his Haplo- 
phyllia paradoza (Fig. 56) which inhabits the Florida 
Straits at a depth of over three hundred fathoms. The 
nearest known fossil ally of this interesting coral is Calo- 
phylum profundum Germ., which is fossil in the Dyas for- 
mation. Duncan describes Guynia annulata, another deep- 
sea coral, as a recent Rugose tetrameral coral. Moseley 
ts from astudy of Heliopora, together with Orypto- 
helia and other Stylasteride, that “ the marked tetrameral 
arrangement of the septa in Rugosa, and the presence in 
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many forms of tabulm, are certainly characters not opposed 
to the alliance of these corals with the Alcyonarians,” and 
gives other reasons of importance in favor of this view. 

The group of Antipathea, represented by Antipathes ar- 
torea Dana, of the Feejee Islands, produce compound 
groups by budding, growing in the form of dolicate shrubs, 
The polyps haye usually six tentacles, though in Gerardia 
they have twenty-four. 

Order 2, Aleyonaria.—To this group of polyps, which 
have eight serrated or feathered tentacles, belong the red 
coral of commerce, the sea-fans and sea-pens, in which there 
are no caleareous septa, and in which the corallum has, as in 
the sea-fans and sea-pens, a horny axis, while the fleshy por- 
tion (cammosare) represents the mesoderm and is filled with 
calcareous spicules, 

In the genera Haimea, Aleyonium, Tubipora, etec., the 
polyps are encrasting, budding out in different ways, and 
adhere to foreign bodies by the conenchyma. Haimea is 
simple, consisting of but a single polyp. In Aleyonium 
the comenchym is much developed, soft, lobulated, and 
branching. Our common species is A. corneum Agassiz. 
In Twdipora the polyps are compound and secrete solid 
caleareous, bright red tubes, arranged sido by side, like the 
pipes of an organ, and supported by horizontal plates. 

Tn the common red coral (Corallium rubrum) of the 
Mediterranean Sea, the solid, unjointed coral-stock consists 
of a crystalline basal mass, with caleareous epicules solidly 
united. The bright red coral is worked into various orna- 
ments, ‘The coral fishery is pursued on the consta of Algiers 
and Tunis, where assemble in the winter and spring from 
two hundred to three hundred vessels, The coral-fishermen, 
with large rude nets, break off the coral from the submerged 
rocks. About half a million dollars’ worth of coral is annu- 
ally gathered. 

Heliopora, now proved by Mr. H. N. Moseley to be an 
Aleyonarian instead of an Actinoid polyp, differs from 
Corallium and Twhipora ‘*in that the hard tissue of its 
corallum shows no signs of being composed.of fused spic- 
nies,” ‘This genus, together with Polytremacis and the 





Silurian Heliolites, form, according to Moseley, a new 
family of Alcyonarians in which the corallum consists of an 
abundant tubular cosnenchym, with calicles having an 
irregular number of psendo-septa, which do not, however, 
correspond with the membranous mesenteries. Tho polyps 
are completely retractile, with the tentacles when retracted 
introverted. The months of the sacs lining the eanenchy- 
mal tubes are closed with a layer of soft tissue, but com- 
municate with one another and with the calicular cavities 
by asystem of transverse canals (Moseley). Aeliopora carrn- 
lea growa on coral reefs at the Philippine Islands and at 
Singapore. 

Tn the family of sca-fans (Gorgonid@) the coral-stock is 
horny or calcareous, branching tree-like, or forming a flat 
network. ‘The short calicles of the single retractile polyps 
stand porpendicularly to the axis, communicating by longi- 
tudinal vessels and branching canals. Gorgonin (Rhipigor- 
gia) fladeltum Linn, is red or yollow and abundant on the 
Florida reefs. In the Arctic seas and the deeper, colder 
waters of the Newfoundland Banks and St. George’s Banks, 
Primnoa reseda (Pallas) and Paragorgia arborea (Linn.) 
grow; the latter being of great size, the stem as thick 
through as one’s wrist, and the whole corallum over five feet 
in height. 

In the family of sea-pens (Pennatwlida) the polyp-stock 
is freo, growing in the sand or mad, usually with a horny 
axis supporting the polyps, and capable of moving at the 
base. In Pennatula, or the sea-pen, there are secondary 
branches in which the polyps are situated ; this polyp is 
phosphorescent ; one species (P, aculeata Danielsson) lives 
in deep water. An Arctic form, Umbdellularia groenlandica, 
is a gigantic form, growing about four feet high, in from 
three hundred to two thousand fathoms. The species of 
Renilla ave kidney-shuped, with the polyps placed on one 
side, Renilla reniformis Cuvier is a rich purple species, 
occurring in the sand at Charleston, S. 0. According to 
Agassiz, this animal is remarkably phosphorescent, emitting 
“'w golden greon light of a moat wonderfal softness, '" 

While coral reefs are in part composed of Aloyonarians, 
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ramparts, perhaps a hundred miles or more in circuit.” 
Darwin has estimated that some reefs in the Pacific Ocean 
are at least 2000 feet in thickness, 

‘Thus far we have spoken of reefs surrounding mountainous 
islands ; coral islands or afolls (Fig. 58) resemble such reefs, 
except that they surround a lake or lagoon instead of a high 
island, the coral island itself being seldom more than ten or 
twelve feet above the sea, and usually supporting a growth of 
cocoanut trees, while the sea may be of great depth yery near 
the outer edge of the atoll, which ‘‘ usually seems to stand as 
if stilted up in a fathomless sea ‘? (Dana). These reefs and 
atolls are formed and raised above the sea by the action of 
the winds and waves, in breaking up the living corals, 
comminuting it and forming with the débris of shells and 
other limestone-seereting animals and plants, banks or de- 
posits of coral mixed with a chalky limestone, as the base of 
the reef. When it rises above the waves, cocoanuts and other 
seeds are caught and washed up on the top, and gradually 
the island becomes large enough to support a few human 
beings. The Bormudas are the remnants of a single atoll, 
and are situated farther from the equator than any other 
reefs, Most barrier reefs and coral islands or atolls are 
formed in an area of subsidence, where the bottom of the 
ocean is gradually sinking ; this accounts for the peculiar 
form and great thickness of many reefs. On the other 
hand, the coral reefs of the West Indies are, generally 
speaking, in an area of elevation. 

A section of a coral reef is shown by Fig. 59: 7 is the point 
where the shore slopes rapidly down within the lagoon 
(which lies to the right), and m is where the reef suddenly 
descends toward the open ocean. Between dc and d e lies 
the higher part of the reef. The shore toward the lagoon 
slopes away regularly from d ton ; while toward the 
ocean there is a broad horizontal terrace (a to bc) 
becomes uncovered at low water. 

The theory of the formation of barrier reefs is s! 
the diagram, Fig. 60. Tho island, for example, th 
island Coro, which is slowly sinking, at the ancient sea-level 
Tig eurrounded by a fringing reef ff, a small rock-terrace 
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at the former level of the sea. Whore the island has sunk to 
the level of the water-line IJ, the reef appears at the sur- 
face as at b' f',bf. There is now a fringing and a barrier 
reef, with a narrow canal betweon them ; 0’ is a section of 
the barrier reef, e’ of the canal or lagoon, and f’ of the 
fringing reef. After a farther submergence to the sea-level 
II, the canal e” becomes much wider. On one side (ff) 
the reef is present, on the other side it has disappeared, ow- 
ing to the agency of ocean-currents. Finally, at the water- 
level IV, there are two amall islands surrounded by « wide 
lagoon, with two reef-islets i”, @, resting upon two sub- 
marine peaks. The coral reef has now grown to great di- 
mensions, and covered almost the entire original island, 
and though the reef-building coral polyps cannot live below 








Vig. ©.—Schematio section of an Island with reets. 


a point fifteen or twenty fathoms below the surface, yet ow- 
ing to the slow sinking of tho island, they build up the 
reef as rapidly as the former subsides, and ‘in this way after 
many centuries a coral reef sometimes two thousand feet 
thick may be built up in mid-ocean. 

Coral reefs are mainly confined to the Western and Cen- 
tral Pacific and the Indian Oceans, and to the Caribbean 
Sea. None occur on the west coast of North America or of 
Africa, and only limited patches on the eastern const of 
South America. There were palwozoic reefs, such as the 
fossil coral reef extending across the Ohio River at Louis- 
ville, 
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Cua IL—THE ACTINOZOA. 


Colenterates with a digestive sac 
ing into tt below and held in place 


rectly with the parietsceral chambers, A slightly marked bilateral nymmetry. 
To the edges of the mesenteries (uauaily the free ones) are attached the repro- 
duetice glands, both male and female, or of one sez alone ; also the eraspeda, 
or mesenterial laments, which contain a large number of lassocelte. Body 
either entirely flashy, or secreting a amlearcous or horny 


Sens eked & Certs al GaAs (Godllcn, Uk Bn bacbaag 
fired, 


Order 1. Zoantharia.—Mesenteries and tentacles six or in multiples of 
six, coral-stock with calcaroous septa, Mesenterial fils- 
setbarpbiaadaty Bbveagasl Ustewn,hialvegera: hctiai. 

Order 2. Banas Pri Aer fentacles always eight in gum- 

Coral. fils. 


Laboratory Work.—Verrill has preserved Actinim completely ex- 
panded by slowly adding a saturated solution of picric acid to o snall 
quantity of sea-water in which they had expanded. When dead they 
should be transferred to a pare saturated solution of the ocid, and 
allowed to remain for from one to three hours, according to size, etc. 
ee irene ene” Gous 
be renewed. Thus hardened (hey can be cut into sections, Corals 

By eroding or mie sections, and, if desirable, treated 
Gin ibr mas ry tact, the Millepores. 
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Crass I1L—Crenornona (Comb-bearers). 


Genoral Characters of Ctonophores.—These beautiful an- 
imals derive their name Ctenophora, or “ comb-bearers,”” 
from the vertical rows of comb-like paddles (ctenophores) 
situated on meridional bands of muscles which serve as lo- 
comotive organs, the body not contracting and dilating as 
in the true jelly-fishes. In their orgunization they are 
more complicated than the Actinozoa, aa they have a true 
digestive cavity passing through the body-cavity, with two 

posterior outlets (it will be remembered 
A that Cerianthus has one at the end of 
the body). From this alimentary canal 
are sent off chymiferous or water-vascu- 
lar canals (Fig. 61) which correspond in 
their mode of origin with the water. 
tubes of the Echinoderms, As regards 
the rows of paddles, each vertical row 
consists of a great number of isolated, 
transverse, comb-like fringes placed one 
above the other, and movable, either 
isolately or in regular succession or 
simultaneously (Agassiz). As these rows 
of paddles are connected for their whole 
longth with a chymiferous tube, the: 

Big. = Sis chaly wid Si resytadion eee 

mals also stand much higher in the seale 

i: of life than the other Colenterates by 

being more truly bilateral, the radial 

symmetry so marked in the Actinia or 

in the jelly-fish being in these animals less apparent, as the 
parts are developed on opposite sides of a median plane, 
The nervous system, us originally described by Grant, con- 
sists of u ganglion situated at the aboral end (end opposite 
to the month) of the Plewrobrachia, from which, among 
other nerves, eight principal ones are distributed to the 
eight rows of paddles. A nerve also proceeds to tho so- 
called otolitic sac (lithocyst) seated upon the ganglion. 
Eimer has lately shown that the nervous system of the 
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ag, for example, that of Berod, agrees in general 
with that of the jelly-fishes, with the difference that in the 
Ctenophores the nerve-centres are not situated on the edge, 
bat at the pole of the body opposite the mouth. On the 
other hand, the nervous system is not radiated aa in the 
jelly-fishes or as in the Echinoderms. 

Onr commonest example of this class is the Pleurobrachia 
rhododacyla Agassiz. It is beautiful animated ball of 
transparent jelly moving through the water by means of 
eight rows of minute paddles, throwing out from a sac on 
each side of the body two long ciliated tentacles. It is 
abundant in autumn ; sometimes thousands may be seen 
stranded on the shore at low water. 

‘That the Ctenophores have affinities to the sea-ancmones 
(Actinozoa) is seen in the form and relations of the diges- 
tive tract, though it differs in hanging free, not being held 
in place by radiating mesenteries, and in this respect they 
approach the Echinoderms. From their possessing a dis- 
tinct digestive tract, the Ctenophores need not be confounded 
with the jelly-fishes (Hydrozoa). On the other hand, they 
present some advance over the <Actinozoa, and in some 
respects connect the Hydrozoa and Actinozoa with the 
Echinoderms. For example, the water-vascular system 
arises in the Ctenophores as outgrowths from the digestive 
sac, as they do in the young star-fish and sea-urchins. This 
indicates that in the mode of development of both the di- 
gestive tract and the water-vascular system the Ctenophores 
are allied to the Echinoderms rather than to the Hydrozoa, 
in which the water-vasenlar tubes arise as simple hollows in 
the body-mass. Moreover, they are less radiated than in 
the Hydrozoa or Echinoderms. 

In Polina alata Agassiz the body is plainly bilateral and 
the water-vascular tubes are very distinct, In Idyia roseola 
Agassiz the mouth is large, the stomach wide, and the 
body is ofan intense roseate hue. This beautiful sp 
death, late in summer, is very phosphorescent ; all Cteno- 

however, even their eggs and embryos, ar 5 
tescent. In the Ctenophores the ovaries and spermaries 
in the same individual and form blind sacs attached to the 
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water- vascular tubes, and are developed locally, asin Castum, 
or along the whole length of the tubes, the sexually-differ- 
ent glands being placed in Beroé and allies on opposite 
wides of the tube. 

When ripe the eggs pass into the perivisceral space, and 
finally pass ont through the openings of the body. The 
eggs of Plewrobrachia escape singly ; in Bolina they are 
laid in strings, while those of Idyia are deposited in a thick 
slimy mass. They spawn late in the summer and in the 
autumn. The young develop in the autumn, becoming 
nearly mature in the following spring. Development is di- 
rect, the young hatching nearly with the form of the adult, 
there being no metamorphosis. 

The species are widely distributed, a number being com- 
mon to both sides of the Atlantic, and the same species, ap- 
parently, of Plewrodrachia and Jdyia occur on the east and 
west coast of North America. The most widely distributed 
forma are the Beroids. While the genus Merfensia is en- 


tirely arctic, the larger number of species are either tropi- 
cal or subtropical. The classification of the group is shown 
in the following summary. 


Crass I.—CTENOPHORA. 


Spherical or onal, somewhat bilateral, scarcely radiated animals, with 
Jelly-like, transparent bodies. The digestive tract opens at the posterior 
‘end into the periciaerat cavity ; from the canal pass off sight seater-eas- 
cular tubes, which are én close relation with eight vertical meridional series 
of comb-like locomotive organs, Usually a pair of tentacles, which may 
Become withdrasen info mics, ard are procided with thickset Inaso-colls on 
the tentacular fringes. Nercows system consisting of an aboral ganglion, 
mending off cight nercous Alamente to cach of the eight rowe of padilles. 
The sexual glands sated in the same indieidual, No metamorphons, 
the young when hatched resemiting the adult, 


Order 1, fast alee Mad with a large poh ee 
water-vascular tubes connected with 
Same lh forming numerous ptherrrsersr tint 
nicating by means of a circular canal near the mouth 
(Beron, Idyia), 
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Order 2. Saccate.—Boily more or less spherical, with two long tenta- 
cles capable of being wholly retracted in a sac (Pleuro- 
brachia). 


Onier 3, Teniata,—Body ribbon-like, being very much compressed in 
the direction of the lateral diameter (Cestum). 
Order 4. Lobate,—Body lateral, compressed, bilobed (Bolina). 
Virw ov tax Crassimication ov tax Crenornona, 


Lobata. 
(Boling) 


Saecata. 
ara pee 


i 
Orgwornona, 


Laboratory Work.—The Ctenophorw should be studied while alive. 
‘They may be collected with a drag or tow-net from a boat when the 
surface of the ocean Is calm. For studying the fine anstomy and 
tissues they should be treated by the same methods as the smaller jelly- 
fishes. 
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BRANCH IV,—ECHINODERMATA (Sran-risn, Sa- 
wURcHINS, SEA-cUCUMBERS, ETC.) 


General Characters of Echinoderms.—We now come to 
animals of much more complicated structure than any of 
the foregoing branches, and in which the radiated arrange- 
ment of the parts of the body ia in most cases as marked 
as the jointed or ringed structure of worms or insects ; for 
not only are the body-walls of the star-fish or sea-urchin, or 
even many of the Holothurians (though less plainly), di- 


vided into five wedge-shaped portions (spheromeres), or pro- 
duced into five arms as in the common star-fish or five- 
finger, but the nervons system, the reproductive organs, 
the blood and water-vascnlar systems, and the locomotive 
appendages of the latter, are usually arranged in aceordance 
with the externally radiated form of the body. Still these 
animals arc in many cases, as in the higher sea-urchins, 
plainly bilateral, while in the larval forms of all Echino- 
derms whose development is known the young are not 
radiated, but more or less bilateral, asin the larvw of worms 
and mollusks. The most trenchant character, however, 
eoparating the Echinoderms from the Calenterates, and ally- 
ing them to the worms, is the genuine tubo-like digestive 
canal which lies free in the body-cavity (perivisceral cavity), 
and may be several or many times the length of the body. 
The student can gain a correct idea of the general struc- 
ture of the Echinoderms from a careful examination of the 
common star-fish (Asterias vulgaris Stimpson), which is the 
most common and accessible Echinoderm to be found on the 
New England shores. After placing a star-fish in some sea- 
water and noticing its motions, the thrusting out of the am- 
bulacral feet or suckers by which it pulls or warps its clumsy 
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body over the mussel-beds, or rocks, or weeds, the arms 
being capable of slightly bending ; after observing the red 
eye-spot at the end of each arm or ray, and the movements 
of the numerous spines which are attached by a sort of ball 
and socket joint to the calcareous framework of the body- 
walls, and examining the movements of certain modified 
spines called pedicellaria, which are pincer-like bodies situ- 
ated among the spines, the student will be ready to study 
the external and internal anatomy, 

First, as to the calcareous framework of the star-fish. 
Tn order to study this, a transverse section should be made 
throngh an arm, and a vertical one through the body and 

the middle of a single arm, and finally the animal 
should be divided into two halves, an upper and lower. It 
will then be seen that the calcareous framework or so-called 
skeleton consists of a great number of limestone plates or 
pieces attached by a tough membrane and covered by the 
skin. Between the plates are small apertures by which the 
water enters the body-cavity. These plates are arranged so 
as to give the greatest strength und lightness to the body. 
‘There is also to be seen an oral (actinal) side on which the 
mouth is situated, and an aboral (abactinal) side, the re- 
spective limits of which areas vary greatly in the different 
groups of Echinoderms, Fach arm or ray is deeply chan- 
nelled by the ambulacral furrow containing four rows of 
suckers or ‘‘ambulacral feet,’’ which are tentacle-like 
protrusions of the skin growing out through orifices in 
the ambulacral plates, and are a continuation of the water- 
sacs or “ampulle’’ within. The madreporic plate is a 
flattened hemispherical body situated on the disk between 
two of the arms. It is perforated by canals. 

We are now ready to examine the internal organs and to 
study their relations to one another and to the body-walls. 
‘The nervons system may be seen without dissection. By 
closely examining the mouth a pentagonal ring is seen sur- 
rounding it, each angle slightly enlarging* and sending off 

© Owfsiannikoff states that the nervous ring is a flat band, con: 
taining no swellings or ganglia, and not differing in structure from the 
ambulacral nerves, which latter possess nerve-cells as well as fibres. 
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a“ nervous cord to the eye at the end of the ray. It may bo 
discovered by pressing apart the ambulacral feet along the 
median line of each arm, Fine nerves are sent off to each 
sucker, passing through the opening between the calcareous 
plates and extending to each ampulla, thus controlling the 
movements of the ambulacral feet. 


The mouth (Fig. 62, m) is capacious, opening by a short 
asophagus into a capacions stomach (Fig, 62, s) with thin 
distensible walls, and sending a long lobe or enc (Fig. 62, i) 
into the base of each arm ; each suc is bound down by two 
retractor muscles attached to the median ridge lying be- 
tween the two rows of water-sucs (ampullm, see also Fig. 63). 


, (8. —Dingram of the cross-section of 
tegturcta ; p. arntuulucral feet: 


cords a, ‘latins ze, rateclos ; 0, ean 
ral platon; f. dormal plate: X, calcified portion of 
ferent: 


The stomach ends in a short intestine, the limits betwoon 
the two not distinctly eeon. The intestine suddenly con- 
tracts and ends in » minute rectum situated in an angle 
between two of five fleshy ridges radiating from the centro 
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of tho aboral disk. The annus (Fig. 62, a) is minute and 
dificult to detect, being situated between the short spines, 
and is evidently not used in the expulsion of fmeal matter 
nnless the urinary secretions, if there be such, pass out of 
it, Tt would seem us if the opening were radimentary and 
that the star-fish had descended from Echinoderms like the 
Cole ee ete i seemed axial tecxing) 
opening of the digestive Appended to the intestine 
are the ‘cmc’? or selivee” (Fig, fb) consutine of boo 
Jong, tree-like massea formed of dense branches of from 
four to six pear-shaped follicles, connecting by a short duct 
with the main stem. The two main ducts unite to form a 
short common opening into the intestine, The cowa are 
usually dark, livid green, and secrete a bitter di 
fluid, representing probubly the bile of the higher animals. 


ing small and difficult to detect, 
The water-vascular system consists of the madreporic 
body, the ‘‘stone-canal ’’ (Fig. 62, ¢), the ring or circumoral 


body, passing directly forward and downward in a sinuous 
vourse to the under side of the circumoral plates. in 
madroporic os) is Sally soe. to be perforated 


entering the stone-canal 62, t) passes di 
emo then ts 
five radial canals, whence 
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it is conveyed to each water-sao or ampulla (Fig. 62, am), 
‘These pear-shaped water-sacs, when contracted, are supposed 
to press the water into the long slender suckers or ambulacral 
fect, which aro distended, elongated, and bya sucker-like ar- 
mangement at the end of the prehensile foot act in conjune- 
tion with the others to warp or pull the star-fish along. 
Besides locomotion the ambulacral feet serve for respiration 
and perception (Simroth). Hoffman shows that the feet 
of the sea-urchins can be projected or thrast out without 
the aid of the ampulla. 

It will thus be seen that the water-vascular system in the 
atar-fish is in its functions partly respiratory and partly 
locomotive, while it is in connection with the yasoular sys- 
tem, and thus partly aids in circulating the blood and 
chyle. 

Of the true vascular or blood system the student can ordi- 
narily only discover one portion, the so-called ** heart” or 
“* pulsating vessel,”’ which we may call the hwmal canal (Pig. 
62.4), and which rans parallel to the stone-canal from the 
madreporic body to near the ring-canal.* It is nearly as 
large as the stone-canal, slightly sinuous, muscular, and with 
the lutter is surrounded by a loose investing membrano like 
a pericardium. Some observers deny the existence of a vas 
cular (sometimes called “ pseudohwemal '’) system, but it has 
been recently studied by Hoffman and subsequently by Ten- 
scher, who maintains that in all Echinoderms there are two 
systems of blood-vessels, which belong, one to the viscera and 
the other to tho nervous system, forming an oral or nervous 
ring and an anal ring. The two rings are in direct com- 
munication in the star-fishes, Ophiurana and sea-urchins, 
bat not in the Holothurians. The radial nerves are ac- 
companied by a vessel which subdivides und distributes 
branches to the ambulacral feet in star-fishes, Echini, and 
Holothurians, ‘Teuscher considers that the “* heart” found 
in tho star-fishes and Echini connecting tho msophageal (or 
norve-ring) and anal ring, is neither a gland nor a polsating 
vessel, as different authors have supposed, but perhaps only 

* Simroth states that in Ophiarans (Ophinctis) the stone-canal opens 
in common with the“ heart’ into the madreporie plate. 
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a relict of an earlicr period of development, In the Ophi- 
urans the oral canal opens directly into the body-cavity ; 
in Kekinothrix directly connects with the outer world by 
means of the interradial canals. Finally, he regards the 
nervous vessel as homologous with the ventral vessel of the 
worms, 

Having made ourselves acquainted with the general struo- 
ture of the Echinoderms as exemplified in the star-fish, we 
are prepared to study the modifications of the Echinoderm 
plan in the different classes. 


Oxass 1.—Orrxorpea (Stone-lilies, Encrinites, etc.) 


Order 1. Brachiata,—The living representatives of those 
Crinoids which lived in palwozoic and early mesozoic 
times aro few in number, and for the most part live in deep 
wator, or, a8 in the case of Phizocrinus and its living allies, 
at groat depths. They are like Limulus and Nedalia, rem- 
nants of an ancient fauna. There are but eight genera 
known—viz., Holopus, Rhizocrinus, Bathycrinus, Hyocri- 
nus, Pentacrinus, Comaster, Actinometra, and Antedon 
(Comatula), Of the first five genera the species are attached 
by a stalk to the sea-bottom, while the last three genera are 
in their young state stalked, but finally become detached. 
‘The body or calyx divides into arms bearing pinnula or sub- 
branches. 

‘The Pentacrinus lives attached to rocks from twenty to 
thirty fathoms below low-water mark in the West Indies. 
‘The stem is about a foot long, the joints pentagonal, send- 
ing off ut intervals whorls of unbranched cirri. ‘‘ No dis- 
tinct basal piece is known, but the calyx appears to begin 
with the first five radialia’’ (Huxley). Pentacrinus ca- 
put-meduse Miller (Fig. 64) and P, Malleri Ocrsted aro 
Weat Indian species. 2. Wyville-Thompsoni Jeffreys was 
dredged in deop water on the coast of Portugal. In the 
fowil P. subanyularis the stalk was more than fifty foct long. 
Bathycrinus gracilis Wyville-Thompson is closely allied 
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to Rhizocrinus, and was dredged in the Bay of Biscay at 
tho depth of 2435 fathoms. 8, Aldrichianus oceurred in 
1860 fathoms, latitude 1° 47' N., longitude 24° 26" W., off 
tho coast of Brazil. With it and also near the Crozet 
Islands occurred tho interesting Hyoorinus Bethellianus 
WyvilleThompson, which bears in some points resemblance 
to the palwoxoic gunus, Platyorinus, 


ee 
ee 
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from one hundred to 
one thousand fathoms 
in the North Atlantic 
and Floridan seas, 
and is a characteriatic 
member of the abyxeal, 
fauna. This crinoid! 
consists of a jointed 
stalk, a cup-shaped 
body (calyz), from 
the edge of which 
from five to seven 
(the number varies) 
arms (brachia) radi- 
ate, which subdivide 
into a double alter- 
nate series of pin- 
nula, The mouth is 
situated in the centre, 
while the anus is sitn- 
ated on a conical pro- 
jection on one side of 
the oral disk, between 
the bases of two of 
the arms. &, Raw- 
soni Pourtales oceurs 
in from eighty to one 
hundred and twenty 
fathoms at Barba- 
does, 

In Holopus, ashort, 
stout form with no 
true stalk, but at- 
tached by a broad on- 
crasting base, there 
aire ton arms originat- 
ing from five axial 
jointa, ‘* When con- 
tracted the arms are g2™: Giz Qloatns loroenete Sars, twice naturel 
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rolled in a spiral and press Iaterally against one another 0 
as to enclose a hermetically closed cavity." The pinnules 
are formed of broad flat joints, and are “ rolled spirally to- 
ward the ambulacral channel of the arms when contracted ”” 
(Pourtales). The only species yet known is A. Rangii 
D'Orbigny, from Barbudoes. 

In Antedon (Comatula) the body is at first stalked, but 
afterward drops off, when it represents the calyx and arms 
of the ordinary Crinoids, It thus passes through a Rhizo- 
crinus condition, showing that it is a higher, more recent 
form. The mouth opens into a short, broad @sophagus, 
and a wide stomach which makes a turn and a half, ending 
in the anal cone placed between the base of two of the arma. 
Within the five triangular plates is a circle of tentacles, 
From the space between each pair of oral plates the ambu- 
lncral grooves radiate to the arms and their branches. H. 
Ludwig maintains that Anfedon possesses a true water-vas- 
cular system formed on the typical Echinoderm plan ; 
thore being a ring-canal, with radial vessels arising from it. 
The tentacles of the perisome are connected with the ring- 
eunal, and the tentacles of the arms and pinnule are con- 
nected with tho radial vessel. Ludwig has also diseovered 
in Antedon a system of blood-vessels (‘* peeudo-hemal ” 
system) consisting of an oral ring-canal and five vessels 
radiating from it, which send branches to the tentacles, aa 
in Asterias. He also detected a ‘ dorsal organ,’’ which 
he, contrary to Perrier and P. H. Carpenter, considers to 
be the conteal organ of the whole system of blood-vessels. 
Both Ludwig and Carpenter, however, regard it us homolo~ 
gons with the so-called ‘heart’? or hwmal canal of Echini 
and Asterina, 

‘The nervous eystem consists of an oral ring with branches 
extending into the arms. 

The body-cavity extends into the arms, and the ovaries 
for the most part lie in the cavity of the arms, as in Asferias. 

The internal anatomy of Rhizocrinus has been invosti- 
gated by Ludwig, who finds that it agrees very closely with 
that of Antedon. The wator-vascular system, nervous sys- 
tom, alimentary canal and its appendages, have the same 
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relationa as in the unstalked Crinoids (Anfedon and Actin- 
ometra), only they are on a simpler plan, there being a 
close similarity between Rhizocrinus und the pentacrinoid 
stage of Anftedon. 

The ovaries of Antedon open externally on the pinnules 
of the arms, while there is no special opening for the prod- 
ucts of the male glands, and Thompson thinks that the 
spermatic particles are “* discharged by the thinning away 
and dehiscence of the integument.’”” The ripe eggs hang 
for three or four days from the opening like a bunch of 
grapes, and it is during this time that they are fertilized. 
The following account is taken (sometimes word for word) 


of w Crinold (Antedon). A. morals; 2, tree larva, with 
panic of clint Ufounn'celsotd ate Wi iiterThowpoon. 


from Wyrille-Thompson’s researches on Antedon rosaceus 
(Fig, 67) of the Buropean seas. In the first stage the egg 
undergoes total segmentation (Fig. 66). A represents the 
egg with four nucleated cells, an early phase of 

berry or morula stage. After the process of segn 

of the yolk is finished, the cells become fused togethe 

& mass of indifferent protoplasm, with no trace of 

tion, but with a few fat cells in the centre. 

toplasmic Iayer becomes converted into an 

whose surface is uniformly ciliated. 

with the large cilia around it before the embryo leaves the 
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egg. When hatched, the lurva is long, oval, and ginded 
with four zones of cilia, with a tuft of cilia at the end, a 
mouth and anal-opening, and is about eight millimetres 
long. The body-cavity is formed by an inversion of the 
primitive layer which seems to correspond to the ectoderm. 

Within o few hours or sometimes days, there are indica- 
tions of the calcareous areolated plates forming the eup of 
the future crinoid. Soon others appear forming a sort of 
trellis-work of plates, and gradually build up the stalk, and 
lastly appears the cribriform basal plate. Fig. 66, B.¢, rep- 
resents the young crinoid in the middle of the larva, whose 
body is somewhat compressed under the covering-glass. 


#8 


Fig © setae, sealed amt fev Teme Maeatere, 


Next sppears a hollow sheath of parallel calcareous rods, 
bound, as it were, in the centre by the calcarvons plates 
This stalk (2, ¢) arises on one sido of the digestive cavity 
of the larva, and there is no connection between the body- 
carity of the larva and that of the embryo crinaid, 

Two or three days after the appearance of the pistes of 
the crimoid, the area berins to change its form The 
spocth and dicestive cavity duuppear, not being converted 
inte thew of the crinobl. The larva simks to the bottom, 
there resting om a sca-weed oc stone, to which it Snally ad- 
ferme The Pestaccine: form is embedded i the harval body 





FOSSIL ORINOIDS. 107 


(the cilia having disappeared), now constituting a layer of 
protoplasm conforming to the outline of the Antedon. 

Meanwhile the cup of the crinoid has been forming. It 
then assumes the shape of an open bell; the mouth is 
formed, and five lobes arise from the edges of the calyx. 
Afterward five or more, usually fifteen tentacles, grow out, 
and the young Antedon appears, as in Fig. 66,C. The 
walls of the stomach then separate from the body-walls. 
The animal now begins to represent the primary stalked 
stage of the Orinoids, that which is the permanent stage in 
Rhizocrinus, Pontacrinus, and their fossil allies, After liv- 
ing attached for a while (Fig. 67), it becomes freo (see right- 
hand figure) and moyes about over the sea-bottom. 


Pig. GA Bieetold, Feutrenites, soon from tho aide and from abore,—After Latken, 


There are two species of Antedon on the New England 
coast, one (A. Sarsii) inhabiting deep water in about one 
hundred fathoms, and the other (A. Bschrichtii Maller) 
shallower water (twenty-five fathoms) in the Gulf of Maine. 

Order 2. Blastoidea.—No forms have been discovered 
Juter than the Carboniferous period. The group began 
its existence as species of Pentremites (Fig. 68) in the 
Upper Silurian, and culminated in the Carboniferous age. 
Tt connects the Crinoids with the Cystideans ; the species 
have no arms, are supported on « short, jointed stalk, and 
the oral plates, when closed, us they are in a fossil state, 
= the calyx Took like a flower-bud. There is.a mouth 
and eccentric anal outlet and five radiating grooves, along 
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each side of which sre attached a row of pinnules. Be- 
sides Pentremites are the typical genera Mimacrinus and 
Eleatherocrinus. 

Order 3, Cystidea.—This group is likewise extinct, In 
the fossil Pseudocrinus there is a short-jointed stalk, while 
in Caryocystites (Fig. 69) there is no stalk and no arms, the 


no tic ora fcktopod” Star eas 


Pig. 70.—Peewdocrt- 
nar a Oystidean— 
After Latkeu. 


body being angulo-spherical, composed of solid plates. The 
Cystideans (Figs. 69 to 71) originated in the Cambrian for- 
mation, attained their maximum development in a number 
of species in the Silurian, and became mostly extinct in the 
Carboniferous period. 


Crass L—CRINOIDEA. 


Spherical or eupahaped Echinoderma, without a madreporte phate, watt 
ally attached by a Jointed stem, a for free in adult Ufe, with five arma gab 
diekting into pinnuin ; the ambulaeral feet in the form of tentacles 
arising around the mouth in the furrows of the calye or situated on Oe 
Jointed arms. In the Blastoidca and certain Cystideans the arava are abe 
sent, but the pinnules are wewally present, though absent in Cleryoeyatites. 
Olreulator§, water-nuenlar, and sexwal organa muck as in other Kehino- 
dorms ; the digestive canal ending in a distinct eccentric aperture, 
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1. Brackiata (True Crinoids).—Calyx with large pinoulated 
arma, Without doraal calical pores, mostly stalked (Eneri- 
nus, Pentacrinus, Apiccrinus, Rhizocrinus, Holopus, Ante- 
don, Actinometra, Phanogenia). 

Order 2. Blasteridea.—Armiess, but with five series of pinnulm, and 

with a stalk (Pentremites. No living representatives). 

Order 3, Cystitlen,—Usually armed, with jointed pinnule, and a abort 

stalk, the latter sometimes atwent, as in Caryocystites. (All 
fossil forms, as Edriaster, Caryocystites, Spharonites, ete.) 


Laboratory Work —The living Crinoids are great rarities, and few 
students have access even to alcoholic specimens, The recent re- 
searches on their internal anatomy have been made in large part by 
cutting thin sections for the microscope, and staining them with car- 
talne, ete., after the methois of the histologist, 


Onass [I.—Astenotpra (Star-fishes), 


Gonoral Characters of Star-fishos.— Having already 
studied the structure of the common star-fish, we are pre- 
pared to understand the classification of the class. The 
star-fishes have star-shaped, flattened bodies, with round or 
flattened arms, a madreporic plate, and two or four rows of 
ambulacral feet, 

Order 1, Opliwridea (Sand-Stars).—This division is 
characterized by the body forming a flattened disk, with 
cylindrical arma, the stomach not extending into the arms, 
and there is no intestine or anal opening. The ambulacral 
furrow is covered by the ventral shields of the tegument, so 
that the ambulacral fect project from the sides of the arm. 
They have no interambulacral spaces or plates. The am- 
hulacral feet or tentacles do not have « sucker at the end, 
hut are provided with minute tubercles, They move faster 
than the true star-fishes, the arms being more slender and 
flexible. The madreporic body is one of the large circular 
plates in the interambulacral spaces around the mouth. 
‘The external openings for the exit of the eggs form distinct 
Hiasures or slits, one on each side of each arm. The ovaries 
are situated in the body, not extending into the arms, the 





eggs being expelled into the perivisceral cavity, and thence 
finding their way out into the water through the interradial 
slits.* The Ophinrans are bisexual, but one species being 
known to be unisexual, viz., Ophiolepis squamata, accord- 
ing to Metachnikoff. While most Ophiurans pass throngh 
a metamorphosis, the young of Ophiolepis ciliata is 

within the body of the parent, adhering by a sort of stalk 
(Krohn). In Ophiophotis beltis development is direct, there 
being no metamorphosis. 

An Ophiuran which has accidentally lost its arms can re- 
produce them by budding. Latken has discovered that in 
species of Ophiothela and Ophiactis the body divides in two 
spontaneously, having three arms on one side and three on 
the other, while the disk looks as if it had been cat in two 
bya knife and three now arms had then grown out from 
the cut side. Simroth has made farther extended researches 
on self-fission in Ophiactis. 

The Ophiurans in most cases undergo a decided meta- 
morphosis like that of the star-fish, which will be described 
at length farther on. The larva, called a pluteus, is froe- 
swimming, though in some species the young, in a modified 
larval condition, reside in a pouch situated above the mouth 
of the parent, finally escaping and swimming freely about 
(A. Agassiz). 

In Ophiocoma vivipara Ljungman, which occurs in the 
South Atlantic, the young at first live in the body of the 
parent and afterward cluster on the surface of her disk. 
The eggs are hatched successively, the young being found 
in a regularly gradated series of stages of growth (Wyville- 
Thompson). It appears probable, as in the case of the sea- 
urchins, that the Ophiurans of the cooler portions of the 
South Atlantic, in most cases at least, have no metamor- 
phosis. 

Our most common sand-star is Ophiopholis bellis Lyman 
(Fig. 72), which may be found at low-water mark, and éspe- 
cially among the roots of Laminaria thrown up on the 

* On the other hand, Ludwig denies that the eggs pass into the perl- 
‘visceral cavity, but insists that they collect in pouches formed by an in- 
troversion of the integuiment. 
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beach. It is variable in color, but beautifully spotted with 
pale and brown, its general hue being a brick-red. Am- 
phiura squemata Sars has long slender arms and is 
white ; it lives below tide-marks. The basket-fish, me- 
dusa’s head, or Astrophyton 
Agassizii Stm., is of large 
size, the disk being two in- 
ches scross, and the arms 
subdividing into a great 
number of tendril-like 
branches, It lives from ten 
to one hundred fathoms in 
the Gulf of Maine. 
Ophiurans are widely dis- 
tributed, and live at depths 
between low-water mark and 
two thousand fathoms. Fos- i Pelt cn ak 
sil Ophiurans do not occur 
in formations older than the Upper Silurian, where they are 
represented by the geners Protaster, Pal@odiscus, Acroura, 
and Zucladia ; genuine forms closely like those now living 
appear in the muschelkalk beds of Europe (Middle Trias). 
Order 2. Asteridea,—In the true star-fishes the arms are 
direct prolongations of the disk, and the stomach and 


of Stanfieh, 4, 2, C,reon trom above, showing the different 
ee eee oe 
C Purader; B, ‘A, Aiterivcus— Alor Gegentanr. 

ovaries or spermarics project into them, and there is » deep 
ambulacral furrow, while the interambulacral spaces vary 
much in development (Fig. 73); the fect are provided with 
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suckers, excepting those at the end of the arms, which are 
tentacle-like. We have already described the common star- 
fish of our north-eastern coast, Asferias vulgaris Stimpson 
(Fig. 74). This and the allied varieties are abundant on 
mussel and oyster beds, being very injurious to the latter, 
which serve them as food. The star-fish projects its capa- 
cious stomach, turning it inside out, between the open 
valves of the oyster, and sucks in the soft parts, in this way 
doing much damage to the oyster-beds of the southern coust 
of New England. 


Pig. 14 —Adterias eulgarie, nntsral stee.—After A. Agana, 

‘The bodies of star-fishes as well as sea-urchins (Echini) 
are covered with pedicellaria, which in the former are situ- 
ated around the base of the spines on the upper side of the 
body. They are pincer-like, consisting of but two prongs. 
Tn the sea-urchins they are three-pronged, and scattered ir- 
regularly over the surface of the body, Their use is nob 
really known, 

‘The development of this species (and its ally or variety, 
A. berylinus) bas been studied by A. Agassiz, After pags- 
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ing through the morula and gastrula stages, the cephalula 
or larval stage is reached, the mouth, digestive sac and its 
posterior opening being formed, a cephulic end being dis- 
tinguished from a posterior end. The larva is now bilater- 
ally symmetrical. At this time two lobes arise from each 
side of the month. ‘These separate from their attachment 
and form two distinct hollow cavities, and by the time the 
larva attains the Brachiolaria stage the development of the 


at base of odd brachiolar 
ann f*,—After A. 


body of tho star-fish begins, for these two cavities subsc- 
quently develop into two water-tubes. On onc of these cav- 
ities the back of the star-fish is afterward developed, while 
on the other the under side with the feet or tentacles arise. 
The folly-grown larva is called a drachiolaria, as it was 
originally described with this name under the impression 
that it was an adult animal, as was the case with the plu- 
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tous of the sand-stars, the dipinnaria (Fig. 75) of certain 
star-fishes, and the auricularia of the Holothurians. 

Fig. 76 shows the star-fish developing on the aboral end 
of the brachiolaria, whose body it is now beginning to ab. 
sorb. The brachiolaria soon shrinks, falls to the bottom, 
and attaches itself by its short arms. The star-fish com- 
pletely absorbs the soft body of the larva, and is conical, 
disk-shaped, with a crenulated edge. In this stage it re- 
mains probably two or three years before the arms lengthen 
and the adult form is assumed. 

In Leptychaster kerguelenensis Smith, of the South Atlan- 
tic, a form allicd to Luidia or Archaster, the young develop 
directly in a sort of marsupium, according to Wyville- 
Thompson. Pteraster militaris was found by Sars to be 
viviparons, 

Tn Brisinga the arms number from nine to eleven, are 
long, cylindrical, and, like the body, bear long spines, The 
spocies are ubyseal. 2B. endecacnemos Asbjornsen lives on 
the Norwegian coast, at a depth of about 200 fathoms, and 
was dredged in abundance by the Challenger Expedition in 
1350 fathoms, at a station due south of St. George’s Banks, 
associated with other species of star-fish (Zoroaster and As 
tropecten), and again in eighty fathoms on La Havre Bank, 
off Nova Scotia, A common form living in mud in usually 
from ten to thirty fathoms is Clenodiscus crispatus Retzius, 
in which the body is almost pentagonal, the arms being very 
short and broad. Archaster isa genus of star-fishes occurring 
at great depths, A. vexildifer Wyville-Thompson Fig. 7), 
oconrring off the Shetland Islands, in from 300 to 500 fath- 
oms, Lidia is called the brittle star-fish, as when brought 
up from the bottom and taken out of the water it breaks up 
into fragmenta. It has five long arms. J, clathrata is com- 
mon on the sandy shores of the Carolinas, and ranges from 
New Jersey to the West Indies. Astropecten artioulatus 
(Say) has tho samo range. Astrogonium phrygianum Parel 
isa large pentagonal, bright-red starfish, living in 
to fifty fathoms on rocky bottoms in the Gulf of Maine 
and northward; while Pleraster milifaris Moller is an 
arctic species whicls ranges south to Cape Cod. It is sab- 
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pentagonal, with five short arms. The fine large Sodester 
endeca Retzius has eleven smooth arms; it lives in deep 
water. Orossaster papposus (Maller and Troschel) is com 
mon on a rocky bottom, in from twenty to eighty fathom, 
from the Gulf of Maine northward ; it is bright red, and bas 
thirteen to fourteen spinulated arms, Oridella sanguin 
lente Litken ig a common species on the coast of New 


Pig Th Arehaster eaniitifer, under alte | malmral seo. —After Wyvilte-Thampeon. 


England below low-water mark, and is in some respecta like 
Crossaster. 

More closely allied to Axterias is the Pacific Coast Pycno- 
pedia helianthowdes Stimpson, which ranges from Sitka to 
Mendocino, Cal. It is very common in Paget Sound, under 
wharves. Asterias vulgaris Stimpsun representa, on the 
northeastern coast, the A. rudens of Europe. Asterias 
polaris (M. and 'T.) has six arms, and is over twelve inches 
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in diameter; it is very common from Labrador north- 
ward. 

Fossil star-fishes allied in most respects to Asferias occur 
in the Lower Silurian rocks, showing the remarkable persist 
ence of this type of the order. Characteristic Lower Siln- 
rian forms are Paleaster and Archasterias, In the Upper 
Silurian appeared Palasterina, a genus allied to the living 
Astrogoninm, ete. 


Cuass I.—ASTEROIDEA. 


Echinoderms with a starlike or pentagonat boy. with theo or four rows 
&f ambulacral fect or tentacles on the oral wide. Borly covereat seith small, 
short spines, oflen arranged in groups. The neroous aysdem pentagonal, 
with nerves extending into the arms ; the water-vasewlar and Acmal ayelema 
‘also radiating into the arma. Mout of the species bisexual ; the young wawally 
passing through a metamorphosis, the star-jish budding out from the water. 
eascislar system of the pluteus, bipinnaria or brackiolaria form, whieh pre- 
ciowsly passes through a morula, gastrula, and cepbalula stage, 


Order 1, Ophiuridea.—Arms round, starting suddenly from a round, 
disk-like body, Ambulacral furrow covered by a series of 
ventral plates, so thut the tentacles or ambulacral fect are 
thrust out laterally. The ovaries and stomach not extend- 
ing into the arma; oo analopening, no podicellari«, 
(Ophiura, Ophioglypha, Ophiolepis, Amphiura, Ophio- 
coma, Astrophyton). 


Order 2. Asteridea,—Body star like, the arms being gradual extensions 
of the disk, and containing the reproductive glands, dl 
gestive cooca, as well as the radial nerves and radial hemal 
and water-vascular canals A deep ambulacral furrow, 
containing two or four rows of ambulacral feet or tenta- 
cles, those at the extremity of the arma without suckers 
(Brisinga, Ctenodiscus, Luidia, Astropecten, Oreaster, As 
trogonium, Pteraster, Solaster, Crossaster, Cribrella, Pyo- 
nopodia, Asterias). 


Laboratory Work.—The larger starfishes are easily dissected ; the 
general relations of the integument may be perceived by making 
transverse and longitudinal sections, while the viscera may be studied 
by splitting the body and arms in two vertically. ‘The smaller Ophia- 
rans can be hardened fn alechol, and stained sections made for 
studying the intricate relations of the water-vaseular, heemel, and 
nervous systems, 
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Crass I1T.—Eentwores (Seu-urehins). 


General Characters of Soa-Urchins.—A good idea of 
the general structure of the members of this class may 
be obtained by an examination of the common ses-ur- 
chin, Behinus (Fig. 78), of the eastern coast of the United 


160% 


Toe , common, Sewurehin, Kodiaue (Stroneyiocentrutus) drdneAlanals 
PS ove Tana rsa teach pyramid) a catarel siseccatter Micra 
States, Northern Europe, and the Arctic Seas. It is com- 
mon among rocka, ranging from low-water mark to fifty or 
more fathoms. It eats sea-weeds, and is also a scavenger, 


feeding on dewl fish, etc. We have observed great num- 
bors of them assembled in largo groups, peti on fish offal, 
a few fathoms below the sur- 
face, in a harbor on the coast 
of Labrador, whore fishing- 
vessels were anchored. 
On placing an Echinus in 
sea-water the movements of 
the snimal, especially its 
mode of drawing itself along 
by ita numerous long tenta- 
cles or ambalucral feet, and 
how it covors itself by draw- 
ing togethor bits of sea- 
weed and gravel, may be eee rent, tote. 


A habit Teas easily detected is that of some sea-urchins 
borrowing in limestone rocks and coral reefs until the ani- 
mal sinks quite far down. How the rock becomes thns 
worn sway, unless simply by the rotary movements of the 
body, is not cloarly understood. 
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In order to examine the external anatomy, the shell 
should be deprived of its spines in part, meanwhile observ- 
ing the mode of attachment of the spines, of which micro- 

m1 scopic sections 
should be made, 
The solid mouth- 
parts, the oral 
membrane gur- 
rounding the five 
sharp conical teeth 


“auricles? in the 
shell, should be thoroughly investigated, as well as their re- 
lutions to the month-opening and the digestive canal. The 
shell is a flattened sphere, consisting of ambulacral plates, 


perforated for the exit of the 

feet, and a broader series of 

five rows of interambulacral 

plates to which the spines 

are attached, and of such 

form and arrangemont as to 

give the greatest possible 

strength and lightness to the 

shell (Figs. 80, 81, 82). The 

outlet of the alimentary canal 

ja situated on the aboral 

{abactinal) or upper end of 

the shell, while the madre- Fite." 

porie plate is situated upon he 

the top or end of the shell 

{as the animal moves mouth 

downward), being a modifica- en 

tion of one of the genital 

plates (Fig. 81, m). There are 

five large plates, one at each end of the interambulacral 
zones meeting on the aboral end of the body ; in them are 
the ovarian openings through which the eggs escape ; these 
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five plates are called the genital plates, while in each of the 

five smaller plates at the end of cach ambulacral series is an 
eye-speck, The pedicel- 
lari@ are three-pronged, 
knob-like spines, seat. 
tered over the body, es- 
pecially near the mouth, 
They partly serve to re- 
move the fecal matter, 
but their main function 
is not known. 

Besides the pedicel- 
lariw, Lovén has discoy- 
ered on most living 
Echini, with the excep- 
tion of Cidaris, small 
button-like bodies called 
work *Pheridia, situated on a 
hin short stalk, moving on a 
con. sligh tly marked tubercle. 
They are supposed to be 

ecsieeal probably organs of taste. 
‘The internal anatomy of the sea-urchin may be best studied 


ator one i eu he 


sole Of the ancking feet; po, the water-¥o ‘ovnlar plate; 


by cutting the shell into two halves, oraland aboral. Remoy- 
ing the aboral end, the digestive canal may be seen in place, 
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It consists of a narrow cesophagns (Fig, $3, a), more or 
leas pontagonal near the mouth, dilating into the stomach ; 
and of a terminal intestine. The long stomach passes from 
left to right around the interior of the body, then turns up 
toward the aboral end, and curves back in the opposite 
course, again passing around the body from right to left, 
forming two series of loops partly enclosing the ovaries ; it 
is held in place by a broad, thin membrane or ‘‘ mesentery.”’ 
The reproductive and other organs are much as described 
in the star-fish, there being five ovaries or spermaries, the 
sexes being distinct, The nervous ring around the mouth 
sends off five nerves along the ambulacra, which are accom- 
panied by a water-vasoular canal sending branches to the 
tentacles, and a pseudo-hwmal canal, there being an oral and 
aboral (anal) hemal ring (their presence is denied by Hofl- 
mann), a8 well as an oral water-vascular ring, with five Polian 
vesicles (prosent only in the trac Echini and Clyponatroids), 
a stone-canal and a fusiform tube or “ heart ’* next to it, 
while the alimentary canal is accompanied by two hwmal 
vessels, one on the “ dorsal’? and the other on the free or 
ventral side, communicating with a lacunar network in its 
walls. 

In Echinus it is dificult to perceive any bilateral sym- 
metry, the parts radiating, as in the star-fish, from the con- 
tre; but in the Spatangus and allied forma it is easy to di- 
vide the animal into a right and left side, and the body is 
more or less elongated, aa in Pourtalesia (Fig. 87), the mouth 
being situated at one end and the anus at the other. 

The mode of development of the common sea-urchin 
(Fig. 78) has been discovered by Mr. A. Agassiz. The earli- 
est stages are much as described in the star-fish. The form 
of the plutens larva is quite remarkable, there being eight 
very long slender arms supported by slender calcareous rods 
projecting from the body, and. during the movements of 
the animal, opening and shutting like the rods of an um- 
brella. The body is provided with a sinuous row of vibra- 

* Tt should be observed that the latest and best observers are at vari: 
ance reganiing the structure and function of the so-called Eehinoderm 
“year.” 
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tile cilia, When the larva is twenty-three days old the ru- 
diments of the five tentacles of the sea-urchin appear. By 
this time the plutens-form is acquired, and also at this pe- 
riod the sea-urchin growing upon the deciduous pluteus 
scaffolding has concealed the shape of the digestive cavity 
of the larva, and the spines are so large as to conceal the 
tentacles. The body of the plutens is gradually absorbed 
by the growing sea-urchin ; the spines and suckers of the 
lutter increasing in size and number with age, until by the 
time the larval body has disappeared the young Echinus is 
more like the adult than the star-fish at the same period in 


FAulippié, with the young in two of the marmpla—From 


woellittivompeon's Verage bt ihe Challenge. 


life. Grube has found that Anochanus sinensis, supposed 
to have come from the Chinese or East Indian seas, has 
no metamorphosis; while Hemiaster cavernosus of Chili 
was found by Philippi to carry its young in marsupia and to 
develop directly, 

Seyeral species of sea-urchins in the cooler portions of 
the South Atlantic, especially at the Falkland Islands and 
Kerguelen Island, also develop directly in marsupia or brood- 
hollows, without passing through a metamorphosis. In Hemé- 
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aster Philippit Gray (Pigs. 84 and 85), from the latter island, 
certain of the ambulacral plates are greatly expanded and 
depressed ‘* s0 as to form four deep, thin-walled oral cups, 
sinking into and encroaching upon the cavity of the test, 
and forming very efficient protective marsupia.”” Tho 
spines are so arranged thats kind of covered passage leads 
from the ovarial opening into the marsupium, and along 
this passage the eggs, which are very large (a millimetre in 
diameter) are passed and arranged in rows, each egg being 
kept in pluce by two or three spines bending over it. Here 
the eggs develop, and the embryos, after the calcareous 


—Morupium of Hemiaster PAUippls, containing egy Much sagnitied— 
pak Ww, yr ‘Thompson's Voyage of rier ‘Challenger. 

plates once begin to develop, rapidly assume the parent form ; 
when they leave the marsupium they are about two and a 
half millimetres long. In Cidaris nutriz Wyville-Thompson 
the eggs are protected in a sort of tent by certain spines 
near the mouth. Here the young develop withont a meta- 
morphosis, The allies of these forms in the Northern At- 
lantic are cither known or supposed to be metabolous; and 
Sir Wyville-Thompson states that no free-swimming Echi- 
noderm larvie (plnteus, ete.) were seen by the Challenger 
Expedition in the Southern Ocean, 
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‘Taking a rapid anrvey of the principal forma of sea- 
urchins, we may divide the class of Behinoidea into two or- 
ders: the Palechinida, or older sea-urchins, in which the 
shell is composed of more than twenty cows of plates; and 
the Autechinida with twenty rows of plates.* 

Order 1. Palechinida,—Comprises first the suborder Mo- 
Jonitida, in which there are more than ten rows of ambula- 
cral plates, represented by Melonites of the coal formation, 
and Protechinus, Palechinus, Archaocidaris, etc. In the 
second suborder ocidaria, there are ten rows of 


esoulentus Linn., of the Mediterranean Sea, is as large as 
iL Paeanetoie playa hege ned te al 

In Clypeaster the body is shell very solid. 
C. subdepressus Agassiz is common on the Floridan coast, 
An orbienlar flattened type are the eand-cakes, of which the 
Echinarachnins parma Gray (Fig. 86) is abundant in the 
shallower portions of the North Atlantic, from low-water 
mark to forty fathoms, It is replaced southward from 
Nantucket to Brazil by Mellita lestwdinata Klein. 

Tho last suborder, Petalosticha, ia characterized by the 


* These are (erms proposed by Haeckel, who regards these divisions 
ea Lilamnsea tetwiien thi ceccdal poerreseerty be cabled ocdern 
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leaf-like ambulacra, and the irregularly heart-shaped, often 
elongated, form of the shell, an anterior and posterior end 
being well defined. hey for the most part live buried in 
the sand or sandy mud, not moving about so actively as the 
Desmosticha, 

Of the family Spatangida the singular genus Pourta- 
lesia (Fig. 8%, P. Jejfreysit Wyville-Thompson) deserves 
notice, the species of which are bottled-shaped, with # thin, 
transparent shell. The transition from such a form as this 
to the Holothuriana is not a very extreme one. ‘This 
genus, A, Agassiz states, is the living representative of Jn- 
fulaster of the Cretaceous period. P. miranda A. Agassiz 
was dredged in the Florida Straits, in about three hundred 


Vig. &.-—Sourtatesla Jeffreytii, slightly enlarged —After Wyville-Thompeon, 


and fifty fathoms, and by British naturalists in the Shet- 
land Channel. P. Jejfreysit was dredged in six hundred 
and forty fathoms, near the Shetland Islands. 

Spatangus is distinctly heart-shaped, as is Hemiaster, 
An interesting deep-zea or abyssal form not uncommon in 
deep soft mud, at the depth of one hundred fathoms, off the 
coast of Maine and Massachusetts, and extending from Flor- 
ida around to Norway, is Schizaster fragilis Agassiz, 

Echinoderms range to a great depth in the ocean, and are 
largely characteristic of the abyssal fauna of the globe. In 
space they are widely distributed, there being but two 
Echinid faunw on tho eastern coast of the United States, 
one arctic, the other tropical. While a large number of 
species characterize the arctic or circumpolar regions, the 
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larger proportion of species are tropical and subtropical. 
Mr. A. Agassiz divides the Echinid fauna of the world into 
four realms: the American, Atlantic, Indo-Pacific, and 
Australian. 

Though Crinoids were the predominant type of Echino- 
derms in the palmozoic rocks, a few star-fish and Ophiurans 
appeared in the Upper Silurian period, and with them were 
associated one species of sea-urchin, Palechinus, though 
the genus was more numeronsly represented in the Coal 
period. Some Palmozoic forms resembled the living gen- 
era Calveria and Phormosoma, and belong to the extinct 
Carboniferous genera Lepidechinus and Lepidesthes ; in all 
these forms, fossil and recent, the interambulacral plates 
overlapped one another so as to give a certain amount of 
flexibility to the shell. This feature existed in a less de- 
gree in Archmocidaris. The characteristic American car- 
boniferous genera are Melonites, Oligoporus, and Lepidechi- 
nus. The Permian Eocidaris is nearly allied to Archaoci- 
daris, so that it is a true palmozoic type (Nicholson). 

In the Mesozoic epoch (Trias, Lias, and Jura) appeared a 
more modern assemblage of Spatangid@, and genera such as 
Hemicidaris and Hypodiadema, closely allied to the Cida- 
ride proper, appeared in the Trias. The Jurassic beds are 
characterized by genera allied to Diadema, Echinus, Ci- 
daris, and a number of species of the families Cassidulide 
and @aleritide. A large number of genera survived in the 
Gretacoous period, which, however, is characterized by the 
marked development of the Spatangidz. In the Upper 
Gretaceons the earliest Clypeastride appeared, while the 
Tertiary Echinid fauna is quite similar to the present one. 
- striking fact in the geological history of the class is 

ie of many of the cretaceous genera in the 
rn or deep-sea fauna of the present time (A. Agassiz). 
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Crass IL —ECHINOIDEA. 


Onder 1. Palechinide.—Shell composed of more than twenty rows of 
plates, Suborder 1. Mélonitida (Melonites, Protechinas, 
Palechinus, Archwocidaris). Suborder 2. Kecidaria (Boci- 
aris). 

Order 2, Autechinida.—Shell composed of twenty rows of plates, 
Suborder 1, Desmosticha (Cidaris, Echinus, Strongylocen- 
‘rotus, Echinometra, Clypeaster, and Echinarachnits), 
Suborder 2. Petalosticha (Echinobrissus, Anochanus, Pour- 
talesia, Spatangus, and Schizaster). 


Laboratory Work.—We have already given some hints aa to the 
mode of dissecting sea-urchins, which should be dono under water In 
deep pans, Great caro must be taken in removing the digestive canal, 
which Is very delicate In itself, and usually filled with sand. Tn study- 
ing the water-vascular and blood-vessels, careful, skilful injections with 
carmine are indispensable, The spines may be studied by making thin 
longitudinal and transverse sections, The test, or shell, should be de- 
nuded of the spines in order to study the relations of the ambulucral, 
interambalacral, and genital plates, 


Crass IV.—Horornunorpea (Sea-cucumbers). 


Goneral Charactors of Holothurians.—We now come to 
Echinoderms in which the body is usually long, cylin- 
drical, with a tendency to become worm-like, and in cer- 
tain genera, as Synapla, Chirodota, and Bupyrgus, it is 
difficult both in their larval stages (Synapfa) and in the 
external and internal anatomy of the adults to soparate 
them from worms like Sipuncutns ; authors have therefore 
been led to the adoption of one of two views : first, either 
that the worms and Echinoderms have had a common origin, 
and the latter, though truly radiate, have no near affinities 
(though strong analogies) with the Cmlenterates, or the re- 
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semblance between the two branches (Echinoderms and 
worms) is one simply of analogy, and involves no blood-rela- 
tionship. On the other hand the radiated arrangement of 
parts and the development and relations of the water-vas- 
oular system ally them, through the Ctenophores, with the 
Actinowa snd Hydroida, and it seems more natural to re- 
gard the Echinoderms as forming a branch of animals in- 
termediate between the Hydroida and the worms, there 
being certain low worms with a water-vascular system. 

Bat the student will be better 
able to appreciate these general 
questions after a more or less 
thorough acquaintance with the 
forms and structure of the pres- 
ent group. For this purpose he 
should first examine living sea- 
cucumbers, and then carefully 
dissect them, A detailed study 
of tho anatomy of a Pentacta or a 
Holothuria, one a northern the, 
other a subtropical and tropical 
form, and of a Synapta, found 
everywhere along our coast in sand 
below tide-marks, will give the 
groundwork ; and this knowledge, 
autoptically acquired, can then be 
corrected and extended by reading 
monographs or compiled state- 
ments to be found in the more 
authoritative general works on 


ive anatomy, Srvmdtoe 

Liying Holothurians can bo pro- stetateted 
cured with the dredge or dug out of the sand between tide- 
marks. They should be kept in aquaria, and their movo- 
ments watohed as well as their mode of locomotion, and the 

action of their branchim or external gills (tentacles). 
‘The common sea-cacumber, north of Cape Cod, and ox- 
tonding through the Arctic regions aronnd to Great Britain, 
ie Pentacta frondosa Jwger (Fig. 88). It lives from ex- 
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treme low-water mark to a depth of fifty fathoms. It is of 
a tan-brown color, from six inches to nearly a foot in 
length, and in its form and the corrugations of ita tough, 
leathery skin resembles a cucumber in nearly all respects 
except color. There are five series of ambulacral feet, each 
series consisting of two irregular rows. Around the mouth 
is a circle of ten much-branched tentacles or gills (homolo- 
gous with the ambulacral feet). 

On laying the body open by making a cut extending from 
the mouth to the vent, the thick muscular walls of the body 
may be observed, and the general relations of the viscera to 
the body-walls, which have nothing of the radiate arrange- 
ment of parts, so clearly marked in the other Echinoderms, 
the ambulacra, tentacles, and longitudinal muscles alone be- 
ing arfanged in a radiate manner.* Unlike other Echino- 
derms, the madreporic body is internal, and there is a ca- 
pacious cloaca or rectum, and a large vent. 

On the inside of the body-walls are numerons small cir- 
onlar (transverse) muscles forming slight ridges, which servo 
to contract the body, and five double large longitndinal 
muscles (Fig. 89, f) lying in the ambulacral zones. The 
mouth is surrounded by a muscular ring, from which atise 
ten large, much-branched tentacles, ‘The pharynx, or the 
portion corresponding to ‘‘ Aristotle’s lantern,”’ of the sea- 
urchin is broad and short, with five large retractor muscles 
(r) originating from the ambulacral or longitudinal muscles 
on the anterior third of the body. The stomach is short, 
not much wider than the intestines, with well-marked trans- 
verse folds within. The intestine (i) is several times lo 
than the body, with longitudinal small folds, and held in 
place by a large, broad mesentery which accompanies the in- 
testine through the greater part of its length. ‘The intes- 
tine terminates suddenly, in a large cloaca (¢), from which 


* In Bupyrgua and Schincewcumia it is dificult to perceive any mdia- 

tion In the body except in the unbroken circle of tentacles, while in 

ulus and allied worms (@ephyrea) the tentacles form a complete 

irele, and these worms have a ring-canal and an imperfect or rudi- 

mentary system of vessels thought by some authors to correspond to 
Ue water-vascular system of Echinoderms, 
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on one side arises the “‘ respiratory tree,’ which has but one 
main atem, and is only occasionally held in place by mus- 
eular threads. The branches are numerous, and are emaller 


tentacles; 1, Jongitadinal museles: 1, retractor: 
Y loeb aie 


from a dissecti¢a 


and paler than the ovarian tubes. The water enters the 
-clonea (c}, passes into the respiratory tree (3), oozes out of 
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the ends of the branches, filling the body, whence it is taken 
up by the madreporic body and carried into the water- 
vascular system by the spacious duct on the left side of the 
pharynx. Besides being respiratory, this organ is supposed 
to be depuratory in its fonction. In some Holothurians 
cortuin organs (the Cuvierian organs), supposed by Semper 
to be organs of defence, as they are readily thrown out when 
the animal is disturbed, are attached either to the stem of 
the respiratory tree or to the cloaca. The madreporic body 
(m) forms a rosette, nearly surrounding the membrane at- 
tached to one side of the pyloric end of the stomach, and 
leads by the madreporic canal, which is closely bound down 
to the pharynx, to the ring-canal (er), Also connected 
with the ring-canal are two enormous Polian vesicles (p, p), 
which are nearly two thirds ag long as the body ; by slitting 
up their base with scissors they can be followed to the ring- 
canal, The latter (vr) is a capncions canal surrounding the 
mouth, and can be detected by laying open the oral-opening, 
and then by cutting across the longitudinal muscles (as atv) 
the radial vessels may be followed along the body under the 
muscles, Just above the ring-canal is situated the nervous 
ring (nr), and ita radial nerves (n) can be traced along and 
outside of the ater-vascular canals. ‘The ampulle 
(am) are red, c , flask-shaped, conspicnous organs, lying 
irregularly, a row on each side of each longitudinal muscle, 
They are 
the radial wat ascular ‘canals, The single ovary is com- 
long tubes, which are larger than 
branches of the respiratory tree, 
The oviduct is attached by a membrane to the stomach, and 
upens between two of the tentacles on the edge of the 
mouth. 

The blood or psoudo-hwmal vessels * are difflenlt, withont 
very fine dissections, to be made out, ‘The system consists 
of w plexus of vessels lying next to the ring-canal, from 
which two vessels (a, «') pass along opposite sides of the in- 

* ‘Thote vowels in Fig. 8 have boen copied from Carus’ Toones Zo- 
emer com eee Se dering, represents the anatomy of 
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are capable of being very deeply retracted, and as in 
Pentacta there are no tentacular ampulle, ‘The small 
madreporic body is much as in Pentacta, and connects with 
4 duct (madreporic canal) leading to the ring-canal. There 
are three Polian vesicles, one fusiform and an inch in 
length, the two others slenderer. The cloaca is of mod- 
erate size, as in Pentacta, and the respiratory trees divide 
at once into two very bushy branches. The ovarian tubes 
form # brush or round broom-like mass or tuft, about an 
inch long, the tubes small, yellow, and of nearly uniform 
length, the oviduct straight and bound down to the walls 
of the body. 

We might here mention the most aberrant type of Holo- 
thurians, the Rhopalodina described by Semper, who states 
that the body is flask-shaped, with the mouth and vent situ- 
ated near each other on the smaller end of the body, ‘The 
mouth is surrounded by ten tentacles, and there are ten 
papill around the anus, There is a spacious cloaca or 
respiratory tree. ‘“‘Ten ambulacra diverge from the centre 
of the enlarged aboral end of the body, and extend like 80 
many meridians to near the commencement of the neck of 
the flask. In correspondence with each ambulacrum isa 
longitudinal muscular band ; and it is an especial peculiarity 
of Rhopalodina that five of these are attached to the anal 
circlet, and five to the cireum-csophageal circlet”” (Huxley). 

‘The earlier stages of development of Holothnrians, so far 
as known, is like that of star-fishes, The larvawhen fally 
grown is called an auricularia, It is transparent, cylindri- 
cal, annulated, with four or five bands of cilia, and usually 
with certain ear-like projections, from which it derives the 
name originally given to this larval form. Before the auri- 
cularia is fully formed the young Holothurian begins to bud 
out from near the side of the larval stomach, the calcareous, 
cross-like spicules appear, and the tentacles arise. ‘The ear- 
like projections dizappear, the auricularia thus becoming 
cylindrical. Itissoon absorbed by the growing i 
which in some genora is strikingly worm-like, and it seems 
that the Holothurian is more directly developed from the 
larva than in the case of tho star-fich and sea-urchins, the 
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metamorphosis being less marked—ie,, growth is more 
continuous, as in the Crinoids. 

In Holothuria tremula and Synaptula vivipara there has 
been observed a very slight metamorphosis, the young de- 
veloping directly in a marsupium, as in the star-fishes and 
sea-urchins. Cladodactyla erocea Lesson, of the Falkland 
Islands, according to Sir Wyville-Thompson, carries its 
young in # sort of nursery, being “ closely packed in two con- 
tinuous fringes adhering to the water-feet of the dorsal am- 
bulacra.”’ He also found that in Psolus ephippifer Wyville- 
Thompson, which is covered with calcareous plates, there is 
adorsal group of larger tessellated plates, cach supported 
by a broad pedicel embedded in the skin. Under these 
mushroom-like plates brood-cavities or cloister-like spaces 
are left between the supporting colamns, and in this archi- 
tectural marsupium the embryos directly develop into sea- 
cucumbers, It follows that in all free-swimming Echino- 
derm larve, there is a trae metamorphosis as distinct as in 
the butterfly, while in other forms in which development is 
a the embryo is sedentary and lacks the cilia and vari- 

80 characteristic of the ordinary larval 
Eohinoderms thus there are different stages in the differ- 
ent classes of Echinoderms between direct development or 
continuous eke and a complete metamorphosis like that 
of the star-fish or sea-urchin, in which the pluteus or larva 
is but a temporary scaffolding, as it were, for the building 
up of the body of the adult. 

Turning now to the classification of the Holothurians, 
and beginning with the lowest, simplest, most generalized 
forms (which aro also remarkably worm-like), and ascend- 
ing to higher or more complicated forms, we find that there 
are two orders, those without feet (Apoda) and those with 
ambulacral feet (Pedata).* 
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Order 1. Apoda.—The simplest apodous form is the 
Bupyrgus scaber Litken, in which the body shows no 
external signs of longitudinal muscles, though there are 
five amall ones, and is covered with spine-like, soft papille 

bearing calcareous plates. We have dredged it 
frequently on the coast of Labrador in shoal- 
water. It has a circle of fifteen unbranched 
tentacles, and is about one centimetre long, 
It also occurs in Greenland and Norwegian 
waters. Myriotrochus has a transparent skin 
dotted with minute white spots, which, when 
magnified, appear to be wheel-like, calearcous 
plates. It has a single Polian vesicle, and there 
ig no respiratory tree nor Cuvicrian appendages 
(Huxley). We have dredged this beautiful 
form (M, Rinkii Steenstrap) in sand, in shoal- 
water, on the coast of Labrador. A very com- 
mon Labrador Holothurian is Chirodota lawe 
Grube (Fig. 90). It lives in shallow, sandy, 
retired bays, and is whitish-gray, with five dis- 
tinct muscular bands and scattered white spots, 
which are calcareous, wheel-like bodies situated 
in the skin. 


bodies (Fig. 91). In 
siously mentioned, constituting the’ snborder 
A ynona and family Synaptida, the sexes 
as atted 3 in the same individual, aud there 
ig no respiratory tree, while the tentacles are 
wenn: simply digitated or Iubulated. *y, 
Who noxt suborder, Pneumophora, forming a 
characterized by having a respiratory tre. 
the skin is rough with calcareous pieces, the 
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body ends in a long, tail-like prolongation; C. <renatic 
Stimpson has fifteen four-pronged tentacles; it is com 
monly thrown up on the beaches 


gi Ji 
dredged in over one hundred & J 
fathoms in the Gulf of Maine, 

and which ranges southward to re = — < 
Florida. It has a head-ond like Peer 
the neck of a bottle, and the end of the body suddenly com 
tracts into a tail, with a very small ance There are Sheen 


to a yentral creeping disk. 
In the highest family, A 
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similis, lives in brackish water, according to Claus. Sup- 
posed plates of Holothurians have been found in the 
Jurassic rocks. 


Crass TV.—HOLOTHUROIDEA, 


Wormlike, cylindricat Kekinodlerme, with a muscular body-secall acmwally 
containing ealesreous bextice » with a cirele of branched tentacles, a terminal 
opening of the intestine, madreporio plate internal, and wally a re 
piratory ewcal appendage. Unisezual or bisceual, developing by a metauser- 
phosis from cylindrica’, aurioulated, free-neimuming larea; or ametabohous, 
Order 1, Apata.—No ambulacral feet, Family 1. Synaptide (Eapyrgus, 

Chirodota, Synupta). Fumily 2. Molpadtice (Candina, Mot- 
padia). 

Order 2. Pedata.—Respiratory tree present, and the ambualscral feet. 
Bisexual. Fumily 1, Dendrochirote (Thyone, Psolas, Echi- 
nocucumis, Pentacta), Family 2, Aspidechirota (Stichopus, 
Holothuria, Aspidochir), 


Tancian View ov rae CLAsses AND OnpEns oF ECHINODERKMATA. 


Pedata, 
(Holothuria.) 


Apoda, 
(Whirodota) 


Antechinida, 


a (Behinns.) 
HovormunomeEa. Palechinide, 
Ookeis: ) 


Ecuromea, 
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Laboratory Work.—The Holothurians are easily dissected by cutting 
the body open longitudinally, and pinning the specimen down in a 
dissecting-pan, with wax on the bottom for holding the pins. The 
caleureous plates ean be extracted from the body-walls by being placed 
in a solution of potash and mounted in balsam as microscopic objects. 


Buerinus oF Stove Lily. 





CHAPTER V. 
BRANOH ¥.—VERMES (Worws). 


General Characters of Worms.—Having studied the 
one-celled animals, or Protozoans, and the radiated animals, 
or Calenterates and Echinoderms, we pass to an assemblage 
of forms which even in the simplest types are seen to have a 
dorsal and ventral, a right and left side, and a head and tail 
end. It is rare that the form ofa worm is so modified by its 
habits or surroundings but that wo are able to call it a worm, 
though when we attempt to draw up a definition of the 
branch or sub-kingdom Vermes, one which shall exclude the 
worm-like Holothurians or the Mollusks, or certain low mites 
and crustacea, or even the Amphioxus, wo find it impossible 
to lay down a set of characters which shall accurately and 
concisely define them. ‘This is due to the fact that the worma 
are par excellence a generalized, synthetic type, from which 
the other branches of the animal kingdom above the Protozoa 
and sponges have probably originated. It will be well for 
the student not to trouble himself at first about a definition 
of the branch, but to study with care the leading types, and 
then, in a review of the group, he will have a more or leas 
definite idea of the sub-kingdom, and perceive where its bor- 
ders, here and there, merge into other branches, and he will 
be then able to understand the grounds for the speculations 
regarding the phylogeny or ancestry of the other branches, 
which have all an apparent starting-point from low or simple 
forms resembling such worms as we are next to describe, 

As a provisional definition of a typical worm, we may say 
that it is a many-celled, three-germ-layered, bilateral animal, 
with a well-marked dorsal and ventral side and a Head and 
tail end, with the body in the higher forms divided at reg= 
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ular intervals into segments (somites or arthromeres), with 
usually a definite relation of the more important viscera to 
the body-walls—i.¢,, a digestive tract extending from the 
head to the end of the body, the nervous system consisting 
of a brain, or supraasophageal ganglion, and a single or, 
more commonly, double chain of ganglia, resting on the 
floor of the body ; a dorsal vessel or heart is usually present 
being situated ahove the digestive tract. True jointed 
appendages are never present, and in the embryo the 
blastoderm is usually without any “ primitive streak" (the 
Annulata excepted). This definition will exclude the worm- 
like Actinoroa and Holothurians. 

Before describing the lowest class of worms, we may call 
attention to a small aberrant group called Mesozoa by K. 
Van Beneden, the position ‘of which is doubtful, though the 
animals composing it are probably aberrant worms. 

In 1830 Krohn observed in the liquid bathing the “ spongy 
bodies,” or yenous appendages, of different species of 
Cephalopods certain filiform bodies, covered with vibratile 
cilia, and resembling Jnfusoria, They were afterward named 
Dicyema by Kolliker, who with others considered them as 
intestinal worms. In 1876 Professor E. Van Beneden gave 


isms have no general body-cayity, 
bat that the body consists (1) of a large cylindrical or fusi- 
form axial cell, which extends from the anterior extremity 
of the body, which is slightly enlarged into a head, to the 
posterior end; (2) of a single layer of flat cells forming 
around the axial cell a sort of simple pavement epithe- 
lium. All these cells are placed in juxtapositi 
the constituent elements of a vegetable tissue. 
no trace of a homogeneous layer, of connective 
musenlar fibre, of nervous elements, nor of 


neous substance, such as is found betwee 
cells, The axial cell ia regarded as homolog 


aa the ectodermic layer the cells surrounding the 
large, single axial cell. There exists no trace of a middle 
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layer of cells, nor of any organs, all the animal and vegeta. 
tive functions being accomplished by the activity of tho 
ectodermic colls and of the single axial cell. There is no 
mesodermic cell or cells. On account of these churacteris- 
tics, Van Benedes 
regards these or- 
ganiams as forming 
the type of a new 
branch of the ani- 
mal kingdom, 
which he distin 
guishes as Mesozoa, 
He places the 
branch, or sub- 


animals (Mefazoa), 

and includes the 

hypothetical @as- 

treades of Haeckel 

in the branch. 

While this position 

may prove to be 

the correct one, wo 

should prefer, while 

not overlooking the 

resemblance of tho 

Dioyemida to the 

epaasian Tnfasoria, and even 

of 3 othe epoontas y, the Grogarinm, to 

fo undorgo weif-division : af a wait for more light 
ihe’ vennitorn cafiys of Dicgune thoes; ewirais on the development 
Ss “Sie of the parasitic 
Platyhelminth 

worms. It is not improbable, on the one hand, that the 
Dicyemida, retaining their parasitic life, are retrograde 
forms, which have originated from some low Cestoid or 
Nomatoid worm, and bear the same relation to them, the 
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Cestoids especially, which have no body-cavity, as the Tar- 
digrades or Linguatulae do to the higher Arachnida. 

Each species of Dicyema and Dicyemella (Vig. 92) com- 
prises two sorts of individuals, differing externally, one (the 
Nematogene) producing vermiform embryos, the other 
Chenieeen) infusoriform (but many-celled) young. The 

produce germs which undergo total segmen- 
ae and assume a gastrula condition. After the closure 
of the primitive opening, the body elongates, and the worm- 
like form of the adult is finally attained, when it passes 
throngh the body-walls of the parent. 

‘The germs of the Rhombogenes arise endogenously in 
special cells lodged in the axial cell, and called “ germi- 
genes.’’ The gorm-like cells undergo segmentation, and 
then form small spheres, which become infusoriform em- 
bryos. The worm-like young is destined to be developed 
and live in the Cephalopod where it has been born, while 
the infusorian-like young probably performs the office of 
disseminating the species. It is possible that in those ani- 
mals, such as the Cetacea, which feed on cuttlefishes, these 
worms (the Nematogenes at least) may pass into » genuine 
vermian form. 


Crass 1.—Praryneruenturs (Flat-worms, Tape-worms, 
Fluke.worms, etc.) 


Order 1. Turbeliaria.—In any pond of standing water 
one can find on the under side of sticks or stones, small 
dark flat worms. Those are Planarian 
worms. The common dark-brown, ’ 
almost black Planaria torva Miller 
(Fig. 93) is about six or eight milli- jj 
metres long, oblong, flat, with two 
a eye-spots, with an oblong oval ry a. 

in front of each eye, A form Hnaria Dencm 
to this is.a perfectly white Plana- 
fe a sali lacteum Ocrsted, which lives under 
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submerged stones, sticks, and leaves in ponds. The body 
is partly transparent, with a dark area representing the 
stomach, from which branch ont at right angles a multi- 
tude of covcal canals (gastric corca). It has two small 
black eye-specks. Closely allied to this flat worm is an eyo- 
less form inhabiting the streams of the Mammoth and ad- 
joining caves, Which may be called Dendrocatum percacum 
(Fig. 94). 

The foregoing forms aro easily obtained by the student, 
who can study their habits in confinement. They all be- 
long to the order 7urbellaria, which is characterized by the 
flat, oval body, covered with cilia. The ciliary motion can 
be detected, as Moseley has done, by placing a little arrow- 
root meal or fine bits of paper on the back of the animal ; 
these were scen to move in a forward direction on the an- 
terior part of the body of Geoplana flava Moseley, « Bro- 
zilian lund-planarian, and posteriorly they moved backward. 

**Tn all regions of the dorsal surface it moved outward, 
as was observed by Fritz Maller, at the same time as back- 
ward or forward, and was thus rapidly thrown off at the 
side of the body, the dorsal cilia apparently subserving 
especially this function of the speedy removal of foreign 
substances from the surface of the body *’ (Moseley). The 
structure of the flat worms may be understood by referring 
to Fig. 95, which illustrates the anatomy of a common 
European marine flat-worm. The digestive canal opens by 
a mouth situated usually behind the middle of the body, 
which leads into a chamber containing a cylindrical or 
funnel-shaped proboscis, capable of being suddenly thrust 
out, The digestive canal is either a short blind sac, or is 
Tong, forked, and cither simple or much branched (Fig, 
95, 0). 

‘These worms have a so-called water-vascular system, con’ 
sisting of two lateral canals and numerous branching Int- 
eral stems, with a common opening or pore in the skin be- 
tween the two main stems, or there may be many pores. 
‘The vessels are ciliated within, and are supposed to have a 
respiratory or excretory function. The nervous system con- 
sists of a single ganglion situated on the front end of the 
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body (Fig. 95, f), from which nerves pass in different 
directions, but a true nerve-cord is not known with cer- 
tainty to exist.* The eyes are very simple, indicated by 
two or more, sometimes 
thirty, dark pigment spots. 
In certain forms, such as 
Macrostomum, there is a ra- 
dimentary ear (otocyst). 
Most of the Planarians, 
Jand and aquatic, have organs 
of defence in the form of 
minute, stiff rods, either 
coiled up in an irregularly 
spiral manner, or short and 
straight, contained in oval 
cells. These bodies are shot 
out in great numbers when 
the animals are irritated, but 
are not retractile, being pro- 
jected clear from the skin. 
Tn being neither retractile 
nor barbed, they differ from 
the lasso-cells of the jelly- 
fishes, That, however, they 
are true urticating organs 
has been proved by Mr. 
Thwaites (at the suggestion » Wis" 
of Mr. Moseley), who, on semich 
touching certain Ceylonese > 
land-planarians with his tier Quiatretagrss 
tongue, felt an unpleusant tingling or scalding sensation, 
accompanied by a slight awelling. 

* Schmarda describes the nervous system of Piprlium dendrophilus 
as formed of two pairs of ganglia, from the hinder of which arise two par- 
allel nerve-threads, which dilate into at least nine swellings, Moseley 
discovered no more than one pair of ganglia in the species of Bipatium 
he examined. Blanchard bas demonstrated “‘ successive ganglionic 
repetitions along the nervous-thrends at the right and left sides of the 
mid-line of the body of « large Planarian (Polyciadus Geyi Blanch.).”’~ 
Clark's " Mind in Nature,” p, 253, 
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The Turbdellaria are hermaphroditic, the ovaries and testes 
with the accessory apparatus (Fig. 95) being present in the 
same individual. 

Little is known of tho development of the flat-worms 
In & common marine Planarian, Stylochus elliptica (Girard), 
which is about two centimetres long, and lives under stones 
between tide-marks, north of Cape Cod, the eggs are depos- 
ited in May and June, in a thin, viscid band, on stones and 
sea-weeds, ‘Ihe eggs undergo total segmentation in four or 
five days after they are laid. The larva is round, ciliated, 
with @ candal flagellum. In eight or ten days after the 
larva bas hatched, it stops swimming about, and becomes a 
“‘mummy-like body,”’ which Girard calls a “* chrysalia” 
In this state it floats about in the water. Its further his- 
tory is unknown. 

In Leptoplana (Polycelis), according to Keferstein, the 
yolk undergoes total segmentation as in Sfylochus > the 
outer layer of cells forms a blastoderm which surrounds the 
more slowly growing cells within. Keferstein describes 
and figures the various stages by which the spherical cili- 
ated embryo attains the form of the adult, whose devel- 
opment seems to be less in the nature of a metamorphosis 
than that of Stylochus. 

The Planarians also in some species mul- 
tiply by fission, and when cut into pieces, 
according to H, J. Clark, each piece may 
eventually become a well-formed Planarian. 
Clark figures in his ‘‘ Mind in Nature” two 
Planarians derived from two sections of 
Dendrocelum lactewm, which became fally 
developed within eleven days after the opera- 
tion. Several Turbellarians are known to 
undergo spontaneous fission, 

Catenula lemna Duges, by transverse di- 
vision, forms chain-like aggregations, and 
a South African species, C. ut, of 
Schmarda, has been found by him to have the 
game habit. Fig. 96 represents two individuals (much 
enlarged) in partial division, and a chain of four individ- 


Pig. 06 ,— Cuter 
Mi velfedivision. 
hfe Schmarda. 
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uals, natural size. The same process of strobilation has 
been carefully observed by Graff in Microstomum lineare 
Ocrsted, In the chain of four individuals (Fig. 97) I indi- 
cates the division of the first order, and II those of the 
second order ; at the points in the zooids marked III there 
are indications of a future third subdivision, and at IV of 
a fourth ; so that potentially the chain con- 
sists of sixteen zooids, and the division is 
first indicated in the digestive tract which 
forms subdivisions with septa reaching to 
the body-walls, while secondary and tertiary 
mouth-germs appear in the division-sections ™ 
(m', m’, Fig. 97). W 
Huxley in his Manual of the Anatomy of 
Invertebrated Animals states that in some 
genera of Turbellarian worms ‘a difference 
is observed between the eggs produced in 
summer, which have a soft yitelline mem- 
brane, and those produced later. These so- 
called winter ova have hord shells. 
The genuine flat-worms are divided into 
two suborders: Rhabdocela and Dendrocela. 
In the former group there is an extensible 
pharynx, and the digestive tract is not 
branched. The Rhabdocwla are represented 
by Catenula, Prostomum, Microstomum, ete. 
The Dendrocala sometimes have two tenta- 
cle-like continuations of the front end of the 
body. The digestive canal has one anterior, two 
posterior large, and many secondary branches, —Stroti- 
and a proboscis, Here belong the Planarians {ue wl, ta rig 
of fresh and salt water, and the Geoplanida ty rn m tinea ae 
or land-planarians, represented in the United 
States by Rhyncodesmus sylvaticus Leidy. The only pater 


acuminata, ‘which fives on Holo- 
3 while Semper has described Anoplo- 
ich lives in the intestines of Stichopus 
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variegatum and Malleria lecanore, two East Indian Holo 
thurians. 

‘Tho Planarian worms merit careful consideration, as it is 
possible that the Mollusca have originated from primitive 
forms resembling them, 

Order 2, Trematodes.—Having studied the Planarians, 
we shall be able to appreciate the characteristics of the Tre- 
matode worms, which are all parusitic, and are constrneted 
on the dendrocelous planarian type, more or less modified 
by their parasitic life, some being external, but most of 
them internal parasites, They closely agree with the Tur- 
dellaria in form, never being segmented. The mouth-open- 
ing is usually situated near the fore-end of the body (some- 
times in the centre), leading by a muscular pharynx to the 
digestive canal, which is forked and ends in two cwea. Uni- 
cellular glands open into the pharynx, In one genus (Ape 
philina) there is no digestive canal. 

The Trematodes usually possess what the Turbellarians 
do not have, a sucking-disk (Fig. 98, B, #), situated a little 
behind the middle of the body, by which they adhere to the 
walls of the organ of the host they inhabit. The so-called 
water-vascular* or excretory system forms a network of 
vessels branching from two main lateral tubes, which unite 
to form a contractile vesicle ending in a terminal pore, or 
the main branches 1 may end in two or more lateral pores. 

The fact that there is no anal opening seems to confirm 
the idea that the water-vaseular system is excretory, thus 
affording the only outlet for the waste products of diges- 
tion, There are no blood-vessels or respiratory organs, and 
the surface of the body is not ciliated except in the embryo. 
The nervous system is usually represented by a single gan- 
glion, like that of the Turbellarians, Bye-spots are some- 
timos present in the young, which, with other points in their 
organization, tends to show that the Trematodes have 
nated from 'Turbellaria, having been modified by their para- 


* That the so-called water-rascular system is mainly at least: 
fn its function seems proved by the fact that the fhiid is watery and 
contains grinular concretions, thus resembling the urinary excretions 
of the higher animals. 
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sitic life, and with somewhat the same relations to Turbella- 
riang as Lernwan parasites have tothe normal Copepoda, or 
water-fleas. 

There is always one sucker which usually encircles the 
mouth, the other (ventral) sucker varies in position, and 
sometimes there is, as in the externally parasitic Polysto- 
mide (Aspidogaster, Polystomum, etc.), a sucker on each 
side of the mouth-opening. In some forms there are two 
large chitinous hooks in the median line between the hinder 
suckers, of which there may be several. 

‘The reproductive glands are more or less complicated, and 
are much asin the Turbellarians. The eggs are formed (as 
in Cestodes, Turbellarians, and Rotifers) by two distinct 
glands, a germigene and a vitellogene, the latter forming the 
nutritive mass which envelops the protoplasmic germ or egg 
proper, the entire mass being afterward enveloped by the 
egg-shell. Frequently two or more eggs are enclosed in 
one shell. The species are mostly monacious, the external 
opening of the oviduct and the large intromittant organ 
being contiguons. 

The development of the egg begins by subdivision of the 
nucleus ; the nucleolus then divides, and subsequently the 
protoplasmic mass. The yolk, however, remains entirely 
independent of this division, and serves as nourishment for 
the other cells forming the body of the embryo, From E. 
Van Beneden’s observations it appears that the eggs of the 
lower flukes, as a rule, undergo total segmentation, and the 
young of the Disfomem are hatched in an oval ciliated 
“trochosphere”’ form, without eye-specks, as in Distoma 
and Amphistoma ; or, ain the Polystomee, there ia no met 

is, but development is direct, the embryo passing 
directly into the adult condition, . 

It was not known before the publication of Steenst: 
work in 1842 that certain worms called Cercaria we 
free larval forms of the Distomes. The Cercaria 
first. described by Siebold, is like a Distomwm, except 
the body is prolonged into a long extensible tail. 
says Steonstrup, is formed of several membranes or tubes: 
placed one within the other, of which the outermost is a 
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very transparent epidermis, under which is a tolerably thick 
membrane furnished with transverse muscular fibres, while 
between each pair of these transverse fibres is placed a globa- 
lar vesicle which appears to be a mucous follicle or gland ; 
the innermost tube is opaque and of firmer consistence ; it 
contains the longitudinal muscular fibres, and is usually re- 
ticnlated on the surface. Through the centre of these tubes 
there passes a slightly narrower canal, which becomes very 
small toward the extremity of the tail. The existence of 
the same layers in the body itself of the Cerearia can easily 
be demonstrated ; but the transversely striated layer is here 
not so much developed. 

Steenstrup states that these Echinate Cercariz (Fig. 98) 


af « Cereartaintoa Distoarum,, A, parent nares: & gered 
gains, ancyeted, pupal Cerearia, lult Distomansn.—Aflee 
wri, 


are found by thousands, and frequently by millions, in the 
water in which two of the largest Enropean fresh-water 
snails, Planorbis cornea and Limnaus stagnalis, have been 
kept. After swimming about in the water some time, they 
fix themselves by means of their suckers (#, s) to the slimy 
skin of the snails, in such numbers that the latter look as if 
covered with bits of wool. 

The Cercaris, by contractions of its body and violent lush- 
ing of the tail, forces its way into the body of its host, losee 
its tail, and then resembles a mature Distoma. By turning 
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about in its place and a slime, a oyet is gradually 
formed, with a spherical shell. constitutes the “* “ 
state of the Cercarin. Steenstrap thinks that the Cercaris 
casts athinskin. In this state the body can be seen throagh 
the shell of the oyst, as in Fig. 08, C, where the cirele of 
spines embedded around the mouth is seen. The eneysted 
Cercarim remain in this state from July and Acgust antil 
tho following spring; and during the winter months, in 
snails kept in warm rooms, they change into Distomas (Fig. 
98, D), the mature flake differing, however, in some im- 
portant respects from the tailless Jarve. In nature they 
remain from two to nine months in the encysted state. 

“* Now,”’ asks Steenstrup, ‘‘ whence come the Cercariz 7” 
Bojanus states that he saw this species swarming ont from the 
“king's yellow worms,” which are about two lines long and 
pee Be arenes hy ole eh From these 

the larval Distomes, and Steenstrup calls them 
{he nnracs 708 he Oareatia and Distonses, iy ese 
resemble the “‘ parent-nurses"’ (Fig. 98, A, and 100), and, 
like them, the cavity of the body is filled with young, which 
develop from egg-like balls of cells, Steenstrup was forced 
to conclude that these nurses originated from the first nurses 
(Fig. 98), which he therefore calls ‘‘ parent-nurses."" Here 
the direct observations of Steenstrup 


A 
on the Cerearia echinata came to an A 
end, but he believed that the parent- 
nurses came from eggs. The link in 
the cycle of generations he supplied 
from the observations of Siebold, 
pitonfaspuaee nears cays oe 
B) expelled from the body of the 
GRA Merck: Rtasstiinat aie fae 
LS 


bile, Steenstrup remarks that ‘* the 
first form of this embryo is not un- Pe. 


ot 

like that of the common ciliated pro- Amman 4:clct ems: 

geny of the ‘Trematoda, ws they have 4% ""*—Ater 

been known to us in many species for a long time, and it 

ea eeatitnie’ vinca gus) ors oy chin while tn 
‘of Ehrenterg, which also move by cilia; whilst in 
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the next form which it assumes the young Monostomum 
bears an undeniable resemblance to those animals which 
I have termed ‘ nurses’ and ‘ parent-nurses’ in that species 
of the Trematoda which is developed from the Cercaria eehi- 
nata,’” 
‘Thus the cycle is completed, and the following summary 
of changes undergone by the Distomes present as clears 
caso of an alternation of generations aa seen 
in the jelly-fihes : 


3. Ciliated larva, 

4. Redia (parent-nurse, Proscoler) prodac- 
ing 

5. Cercaria (nurse, Scolex). 

6. Enoysted Cercaria (Proglottis). 

7. Distomum (Proglottis), 

The Distomum echinata (Fig. 100), living 
in snails which are eaten by ducks, have been 
shown by St. George to develop into the adult 
Distoma in the body of that bird. It is gen- 
erally the cage that those Distomes which pass 


ropean oyster passes in the enoystedl 
a fish which serves as food for » 
Belone vulgaris, in whose intes- 


; fests the ovary of the oyster, 
Whether it is permanently injurious to the latter is un- 
known. 

Fasciola hepaticum (Fig. 101), the liver-flake, sometimes 
occurring in man, is thought by Dr. Willemoes-Suhm to 
begin its existence as Cercaria cystophora, parasitic ou & 
species of Planorbis, 

It is most abundunt in sheep in the spring, several hundred 
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occurring in the liver of asingle sheep. At this time it passes 
into the intestine, and thence is carried out with the excre- 
ment. The eggs or flukes in many cases drop . 

into pools, ditches, or ponds ; here the cili- 

ated young (like Fig. 99) is liberated, and 

soon the cilim are absorbed, when it becomes 

inert, and probably soon afterward enters 

the body of a snail (Planorbis, etc.), where 

it transforms into a large sac, and devel- 

ops new larva: in its interior, This sac- 

like larva is called a “nurse,” ed 


restless, migrating from the bodies of their 
snail-host, and have been known in a few 

instances to penetrate the skin of human 

beings. They are probably more usually 

swallowed by sheep and cattle while drink- 

ing or grazing, when snail-shells may be 

accidentally swallowed. From the diges- 

tive canal of sheep, etc., the cercaria penetrates into the 
liver, where it probably loses its tail and becomes encysted, 
after many weeks or even months becoming a sexually ma- 
ture distome, From the liver it passes out through the 
liver-ducts into the intestine, and is finally expelled, thus 
comploting its cycle of life (Cobbold). 

Distomum lanceolatuem Meblis differs from Fascigla he- 
patica in the intestine being simple and forked, while that 
of the latter is much branched. It has occurred but three 
times in man, but is not rare in the sheep and ox. It has 
been detected in Europe in the pig, deer, rabbit, and hare. 
Two immature Distomes have been found in the human 
eye, and Cobbold thinks they may both be the young of 
Dilenewistom. ee eramennyalsenng wonier the nome 

of Distomum is half a line in length, and 
occurred between the lens and its capsule, appearing as dark 
spots on the surface of the lens. Distomum crassum Busk 
and D. helerophyes Siebold have each been only onog 
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found in man, the former in a Lasecar, the latter in an 
Egyptian boy. 

Bilharzia hamatobia Cobbold is common in the portal 
aystem of blood-vessels and in the veins of the mesentery, 
bladder, etc., of Egyptians, and has cansed an endemic dis- 
ease at the Cape of Good Hope. In Egypt, out of three 
hundred and sixty-three post-mortem examinations, this 
worm occurred one hundred and seventeen times, It is 
bisexual, the female greatly smaller than the male, living in 
@ canal or passage in the male formed by the infolding of 
the edges of the concave side of the body, called « gynaeo- 
phore, There are three other rare human flukes known: 
Telrastoma renale Delle Chiaje, Hexathyridium pinguicola 
‘Treutler, and H. venarum reutler, tho latter occurring in 
the veins (Cobbold). 

The nurse of Distomum macrostomum Radolphi (Fig. 
102), described under the name of Leueochloridium, i 
cylindrical, and strongly resembles a maggot; its strange 
habitat is the tentacles of a snail (Sucefnea), 

Of the second suborder, Polystomea, the species have two 
small anterior and one or several posterior suckers, and & 

pair of eyes, They are 
mostly external parasites, 
like the leeches, and un- 
dergo no metamorphosis, 
In some forms the body 

is segmented. 
A type of this snborder 
ree ee is Aspidogaster conchi- 
vive ofawccineay Ata: cola Bact, which inbabite 
iiwun” aru the pericardial cavity of 
fresh-water mussels, and 
also is an ectoparasite of fresh-water fishes, Diplozoon 
consists of two ‘Trematodes very intimately united into an 
X-formed double animal. In the young stages the two ani- 
mals aro separate, and in this stato wore described under the 
name of Diporpa. Diploroon paradoxum Nordmann lives on 
the gills of numerous fresh-water fishes. Polystomum has 
a flat body, without suckers on the fore end, with six suck- 
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of tho crystals of oxalate of lime in the urinary tubes of 
many insects and the concretions of phosphate of lime in 
the organ of Bojanus of Lamellibranch mollusks.* The 
canals terminate in a small pulsating vesicle and pore, as in 
the Trematodes. 

The Cestodes are hermaphroditic, and each of the body- 
segments except those nearest the head contains male and 
female reproductive organs, The male parts consist, as in 
the Trematodes, of testes, vasa deforentia, and a muscular 
sac with a cirrus or intromittent organ, which may penetrate 
the vagina of the same segment. The female organs consist 
of an ovary (germigene), yolk-stock (vitellogene), uterus or 
matrix, receplaculum seminis, and vagina, the latter opening 
by a pore situated in Tenia (Fig. 107) on the side, or in 
Bothriocephalus on the ventral surface of the segment. 
‘There isa great deal of variation in the reproductive organs 
of the tape-worms; a general idea of the relations of parts 
may be obtained by reference to Figs, 107 and 109. Tho 
ovary forms the most important part, It is much dovel- 
oped and very complicated in structure. As Gegenbaur 
states : ‘The preservation of the species is here subject to 
innumerable difficulties, owing to the animal living in dif- 
ferent hosts at different stages of development, and to the 
wanderings which this mode of life entails ; consequently a 
large number of ova have to be produced, and the cer- 
tainty of fecundation insured.” (Elements of Comparative 
Anatomy, second edition, English translation.) The 
male organs and products are first developed, and the 
receptaculum seminis stored with spermatic cells before the 
eggs fully develop in the ovary, and all these parts develop 
earliest in the terminal segments of the body destined to 
form the proglottides, 

Development begins very probably, as in the 7rematodes, 


* This is Leuckart’s opinion. Sommer and Landois claim that these 
bodies are scattered through the substance of the body, and do not 
‘occur fn water-vessels. Huxley endorses this view. But if these bodies 
are concretions und the water-vessels are mainly excretory, as they cere 
fmctrisepese W be wo should judge that Leuckart's view was the bet. 

ter grounded. 
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through multiplication by division of the nucleus (germi- 
nativecell). In the eggs of Tenia bacillaris E. Van Beneden 


WR — Tesla solium, Nat. size, 10h —Head and proglottie of 
iin an ‘brad agilfied, Sirobila stage: Fodium.—Afver Beneden 


saw the nucleus subdivide ; after passing through a morula 
condition the cells are arranged in two layers, and the outer 
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until the form of the tapeworm is attained, as ; 

‘The hinder joints then become filled with eggs a1 
off, becoming independent zooids comparable with 
“* parent-nurses ” of the Cercarias, except that they ire n 
contained in the body of the Tania (us in the Cercaria), tu! 
are set free. The independent joint (Figs 104, 107) is 
called s * proglottis.”” It escapes from the slimentary tract 
of its human host, and the eggs sect free, in and about 
privies, are swallowed by t unclean animal, the pig, and 
the cycle of generations begins anew, We thus have the 
following series of changes, which may be compared with 
the homologous series in the flukes + 

1. Egg. 

2. Morula. 

8. Double-walled sac (gastrula 7), 

4. Proscolex, free embryo with hooks, surrounded by a 
blastodermic skin. ; 

5, Scolex (Cysticercus, larva). Body few-jointed. 

6. Strobila (‘Twnia). Body many-jointed, 

%. Proglottis (adult). 
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The common human tape-worm, Tenia solium Linn., 
varies from ten to thirty feet in length ; there are upward 
of eight hundred joints in a worm ten feet long. The head 
ends in a rostellum or proboscis armed with a double crown 
of hooks ; the first proglottis or sexually mature segment 
begins at the 450th. While in some persons the presence 
of a tape-worm is simply an annoyance, in nervous and irri- 
table persons it causes restlessness, undue anxiety, and vari- 
ous dyspeptic symptoms. In rare cases (over a hundred are 
known) death has resulted from the presence of the Cysticer- 





Pa Beas 4 
Tapeworm. 





Fig. 196.—Head of Tienta acanthotriar (Cyaticercas) 
enlarged, showing the ruckers (5) and ctecle of hooks, 
ens in the brain. ‘* Cysticerci may develop themselves in 
almost any situation in the human body, but they occur 
most frequently in the subcutaneous, areolar, and intermus- 
cular connective tissue ; next, most commonly in the brain 
and eye ; and, lastly, in the substance of the heart and other 
yiscera of the trank’? (Cobbold). Among the preventive rem- 
edies against tape-worme is the disuse of raw or underdone 
pork, and “ measly” pork—i.r., the flesh of swine contain- 
ing the little Madder-like vesicles. Cysticerci, or larval tape- 
worms, Can be readily distinguished, but when thoroughly 
cooked are harmless, as the temperature of boiling water is 
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anfficient to kill the Cysticerci. Butchers especially suffer 

from tape-worms, from their habit of eating bita of raw 

meat, beef and veal harboring Cysticerci, which transform 

into species of Tania nearly as injurious as Tenia solium, 

Aan matter of course, in the use of drugs to expel a tape- 

worm, they should be pushed so as to carry off the entire 

animal, as new segments grow out from near the head as 
rapidly as the proglottides are detached. 

‘The Cysticercus of another injurious tape-worm lives in 

the muscles and internal organs of cattle. This is the Tenia 

2 = mediocanellata of Kachen- 

meister, which is larger, 

with a larger darker head, 

larger suckers, and with- 

out a rostrellum or hooks, 

By far the most injurious 

species is Tenia echinococ- 

cus Siebold (Fig. 108), 

more frequently causing 

-death than any other en- 

tozoon. In its adult or 

atrobila state this worm 

only infests the dog and 

wolf, but its larva, the 

hydatid of physicians, fre- 

quently occurs in the hu- 

man body. It is very 

small, seldom exceeding 

six millimetres in length, 

there being but four 

segments, including the 

1 Pig, Tr " mm, tei head, which has a pointed 

LT frau Qos rostellam, with « double 

Afwe Beontm, crown of large-rooted 

hooks ; thore are four suckers present, and the last segment, 

whon sexually mature, is as long as the anterior ones taken 

toguthor, ‘The hydatid ( proscolec) forms large proliferons 

vesicles, in which the soolices (Echinococcus, heads) are de- 

veloped hy budding internally, About five thousand eggs 








‘This worm is extremely rare in America, butiseommon in 
Western Switzerland and Central Europe, and in the north- 
western and northern provinces of Russia, Sweden, and 
Poland. It is sometimes twenty-five feet long, and nearly 
an inch broad, with 4000 joints. The club-shaped head is 
unarmed, and the first sexually mature segment is about 


Pig. 1.—Male reproductive organs, with parte of the female of are 

lan 4 toatieadar fotiic! : th 3 

rg a 
M iT +3 8, Vaginal canal —-After 


the 600th from the head. Loeuckart has suggested that 
the young of ¢ tape-worm originate in salmon and 
trout. kos 

The sheep-hydatid is the larva of Tenia canurus (Figs, 
110 and 111), the adult infesting the dog. The presence of 
one or several of the hydatids in the brain of the sheep pro- 
duces the “staggers” or vortigo. The vesicle varies in #izo 
from & pea to a pigeon’s egg. It is bladder-like, filled with 
a clear pale yellow albuminous secretion, with a great num- 
ber of rotractile papillae (J, g), which are the tape-worm heads 
connected by narrow stalks to the common vesicles support 
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ing the colony. ‘This hydatid also infests cattle, the horse, 
goat, various species of antelope and deer, the dromedary, 
and, it is said, the rabbit. ‘‘ In the sheep the disease is ree- 
ognized at first bya heavy, stupid, wandering gait, which 


iS 


corresponding to a secondary 
@.poine atch the head of the worm will Iasie ont 5 
tid. vesicle ; ¢, hooks ; 


the 
F, Yor wall Of the hydatid cyst,—After Reneden. 


the suckers ; ¢, the neck 5 
is frequently succeeded by irregular, tortuous, whirling 
movements of the body, accompanied with convulsions (Cob- 
bold). 

The simplest form in the order is Caryophylleus, in 
which the body is not jointed in the adult, though it is so 
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in the young, and there are no suckers or hooks; while 
there is but a single set of male and female reproductive 
organs sitaated in the posterior end of the body, which can 


sg 1123 ay se pet te cee 
Vy ing @ proglottis, In fact, 
this form is a connecting 


link between the Trematoda 
trom 8nd Cestodes. Caryophyllaus 
hooks; mutabilis Radolphi lives in 

the intestines of Cyprinoid 
fishes ; the young in a worm, 7difex riewlorum. 

Tetraryhnehus is provided with four very long slender 
extensile spiny cephalic processes or beaks, The young live 
encysted in bony fishes, the adults occurring in the intestines 
of sharks and rays. 

In Ligula the body is ribbon-shaped, not jointed, with « 
series of sexual organs, and there are no suckers, and some- 
times no hooks. J. simplicissima Rud. lives in fishes and 
amphibians, and attain maturity in the intestines of water- 
birds, which feed on the former animals. ‘This genus con- 
nects the simpler tape-worms with Bothriocephalus and 
Twnia. 


ro Pig. $10 Sead of ik econ from 
vote, wii cre of 
wich euanged After 


Bleboid. 


Crass L.—PLATYHELMINTHES., 
sith the body waually unsegmented ; the 


their nvsrie or ot sexual form into a polymorphic colony, 

Order 1, Turbllarte,—Flattencd ovate worms, with & nervous gat~ 
glion in the head ; usually eye-spacks ; body externally eili- 
wed, with a much-brinched digestive canal. Noettling 
organs often present, Unisexual, rarely bisexual ; strobl- 





= 
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Order 2. Tremateda.—Usually fiat, oval, rarely cylindrical, aot anp- 
mented, parasitic worms, «ith s mouth, forked etn, 
po ans; a large sucker near the middie of the Sede oc 
several smaller ones ; either with « metamerphes (Die 
tomen), the larva living in mefhaske, ete, the afc i ee 

eee SD 


Crass I.—NeMaretursties (Round, Tirtad-amrms) 


General Characters of Thread-worms.—Thest worm ame 
either free or parnsitic; examples of the former emet = 
abundance under stones, etc., between tide-marka, bring 
in coile; small, almost minute species occurring = feeb 
water and in damp earth, while the parasitic epeces, whee 
are the moat numerous, live free in the alimentary come! oc 
imbedded in the fiesh of their hosts, especially Gebee and 
mammals, ‘The species are remarkably penaetent in form, 





the specific and generic differences snes very slight. They 
havea mouth and digestive canal (except in Eehinorhynchus), 
the integument being hard, chitinons, and not segmented 
(except in Desmoscolex, which approaches i in this respect Sooene 
annelids), and usually smooth, except i in Echinoderes, which 
is variously armed with hair-like spines. Each end of the 
body is much alike, the mouth situated at the anterior end, 
and the anal opening at or near the conical tip of the body. 
There are two long vessels which extend from a single com- 
mon pore situated on the median line of the underside of the 
body, s short distance from the head ; these are supposed to 
be excretory veasels. In Ascaris and Ozyuris a nervous ring 
surrounds the @sophagns, from which two nervous threads, 
one dorsal the other yentral, pase to theend of the body 
there are six other smaller longitudinal nerves, | 
onic cells lie near the nervous ring, forming & 
geal, supracsophageal and lateral ganglion, and 
a caudal ganglion, In some free-living Nemat 
eye-specks. 

The Nematodes are usually bisexual; P 
maphroditio, while the same individual of A. 
at first produces sperm-cells and afterwards ee 
differ from the females in their smaller sizo 
curved end of the body. While most of these worms lay 
eggs, some, as in ‘Trichina spiralis, bring forth their young 


development of these trae Nematode worms 
pted) so far as known is quite aol 
hout any metam 
ways: (1) usually the egg siege 
; (2) others, as in Ascaris dentata 
a, ‘do.n0b show any apparent trace of seg- 
Cucullanus elegans there is no yolk, 
° all the vitelline matter, which is lim- 
pid and transparent, The germ consists of a single series or 
cirele of cells bent on itself, somewhat as in Fig. 120, which 
represents a little more advanced stage in Sagitta, and there 
are a few cells representing the endoderm. The embryo 
rapidly assumes the adult form before hatching, 





THe noalwoRYNCHTS. 165 


Order 1. Acunthocephali.—These are aberrant Nematode 
worms (sometimes referred to a separate class), without any 
mouth or digestive tract, but with an extensible spiny beak, 
living by imbibition of the fluids of the alimentary canal of 
their host. 

The thick mibeutioula § is penetrated by 5 network of ves- 
sols, whovo trunks form two oval bodies of unknown uae 
called lemnise’, which hang down free in the body-cavity. 
Tho sexes of Kehinorhynchus are distinct. The eggs are 
usually spindle-shaped. The embryo develops in the body 
of the parent worm, and ix surrounded by several membranes, 
with a circle of hooks arranged bilaterally around the mouth. 
The embryo contains an oval mass of nuclei, being the ra- 


and tu the second wexirnded : mag: 


head retracted 
bey i ponct oh pentane memset € ¢, berantect — After Owen. 


dimenta of an intestinal canal. ‘Finally it pases into 
some crustacean or insect, in whose body it becomes so far 
developed, that whon its host is swallowed by some vertebrate, 
mich as a fish, the embryois liberated in the intestines of the 
second (vertebrate) host and soon attains sexual maturity. 
Nearly a hundred species are known. 

Behinorhynchus gigas, the female of which is 50} centime- 
tres (20 inches) in length, lives in the small intestine of the 
pig. Tts eggs pass out, becoming scattered on the groand, 
whore they are eaten by the white grab orlarva of the Euro- 
pean cockchafor, ‘The egg-membranes burst in the stomach 
of the grub, and the ombryoe thus liberated penetrate, by 





means of their spines, through the intestine into the body- 
cavity of the larva, where they become encysted, and the latter 
being in the beetle state devoured by the pig, finish their de- 
velopment in the intestines of the latter animal. (Schneider.) 
‘The embryos of this species also occur in the land-snails, and 
those of £, claviceps have been found in frech-water snails 
(Zimnaa). Young Echinorhynchi ocenrting in the copepod 
crustacean, Cyclops, become matare in a fish (Gadus Tota). 
Leuckart has also found that a sexless form ep pn) 
water crustacean, Gammarus pulex, becomes 

sexual maturity in the perch, which feeds on. inca 
They attain the mature form, though the eggs are not rips, 
in eight or ten weeks after the eggs from which they hatch are 
laid, and look like round or oval yellowish balls from one to 
one and a half millimetres in length. The males mature in 
about a week after the females, 

The primary host of Echinorhynchus angustatus is the 
fresh-water sow-bug (Asellus). After the eggs find their 
way into the intestines of the Asellus, the embryos, on hatch- 
ing, pass through the walls of the hindor part of the chyle 
stomach of the Asellus into the body-cavity, by means of 
the embryonal, deciduous neck a] 3 and, as in BE 
proteus, the embryos lie between chititions walls of the 
intestine and the muscular layer. ‘The embryos are round- 
ed, more or less spindle-shaped, with a so-called rudimentary 
Paeh cavity indicated by a central circle of cells, the 

the ig situated in # parenchymatous or 

ium), being thus comparable to 

sects, ‘The embryo is 0,09-0.1 

of the body now becomes irreg- 

being quite protean in shape, with 

ne side of the end of the body. ‘Tho 

then begins to appear, the metamor- 

phosis being very marked. The first step is the moulting of 

The embryo or larva, which loses its spines. After a fow 

weoks tho Echinorhynchus form is attained, the Loy ee 
elongated, and with the reproductive organs 

with no hook-npparatus, It is now 7 to 8 rs in 

Jongth, and almost as long as its host, the Asellus; the males 
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heing emaller and shorter than the femalez. With the ex- 
ception of the ekin and lemnisei, all the parts of the adult 
worm, the nervous and reproductive systems ar well as the 
beak, originate in the primitive 
rudimentary digestive cavity, 
appearing as rounded masses of 
cells of like size, but differing in 
structure histologically. With 
the growth of the beak begins 
the development of the repro- 
ductive apparatus, and the hooks 
are simply modified cells, with 
tho outer surface chitinized. 
Order 2. Nematodes.—The first 
suborder of this group, compos 
ing the trie round worms, is re- 
presented by Ascaris, Oxyuris, 
Trichina, ete. Tho human 
round ‘worm, Ascaris Inmbri- 
eoides Linn, (Fig. 113), is re- 
markablo for its largo size, and 
may be recognized by its milk- 
white color, at well as by the 
three papillm around the mouth, 
It inhabits the intestines, some- 
times the stomach and meopha- 
gus, and has been known to per- 
forato the walls of tho intestine. 
The species of Ascaris are very 
numerous, infesting mammals, 
and ospweially fieh, often occur- 
ring eneysted in the fleah of the 
cod and other edible salt and 
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female is white and from eight to ten millimetres in length; 
the male is only two or three millimetres long. 

‘The largest known round worm is the palisade worm, or 
Eustrongylus gigas Radolphi, the female of which is a 


eal 
ral alae: B. the 
fame caarced, 
After Beneden. 


2 Pig. 118.— Trichooevealve ile 
Phe. 105, — Qryeris 
mete sk este female ‘not 
the same enlarged — ha 
After Heweden 
metre (about 39 inches) in length, and the size of a quill; 
the mule is one third as long. It is rare in man, and occurs 
expecially in the intestines, and sometimes the kidneys of 
such mammals as live on fish, The mouth is surrounded 
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while the male is unknown. The worm lives in the con- 
nective tissue under the skin, especially of the extremities 
As the body of the female is full of young, the worm has to 
be carefully and slowly extricated, so us not to be broken and 


fleas (Cyclops, ete.), and there moult, and that. 

they may be introduced into the body by drinking standing 

water ; but this has not been proved. Other species live in the 

peritoneum of the horse and apes, and an immature species 

(Filaria lentis) has been found in the lens of the human 
Filaria sanguinis-hominis is a worm of i 


the smaller blood-vessels, causing, it is 
e 


forms of elephantoid disease, perhaps even 
mosquito sucks up the parasite in 
tients, voiding the in the pools i 


18—Yonng Wheat-W . 
aestuon of ugrath tskiouing tomas worse ant ane: 


realy to Snich-~Prom Curt afb Bauer 


the ses, and has a broad swollen head beeet with fine hairs, 
Tt apparently connects the true Nematodes with Sagitta, 





THE HATR-WORMS. in 


‘The second suborder, Gordiacea or hair-worms, differ in 
their mode of development from the true Nematode worms, 
the embryo of Gordius being armed with oval spines, thus 


mtation af the 

iy E, are, ii 
yame stajze 

spines, the head be 


reminding us in this respect of Mehinorhynchi, but the em- 
larme and adult have a well-developed alimentary 
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‘The hair-worms belong to the genera Mermis and Gordie. 
In the former genus the head is beset with papille, and the 
end of the body of the male is undivided, while the oviduct 
of the femule opens in the middle of the body. The larva 
ig unarmed and has no metamorphosis. Merinis acuminata 
Leidy is pale brown and parasitic in the body of the cater- 
pillar of the coddling moth ; another species lives in the 
bodies of grasshoppers. 

‘The true hair-worm, Gordius, has no papille on the head, 
and the tail of the male is forked, while the oviduct of the 
female opens at the end of the body, The following account 
of the development of the common Gordins aguatiews Linn. 
which is a parasite of the locust and other insects, and is 
common to Europe and this country, is taken from Villot’s 
“ Monographie des Dragonneaux.” 

The eggs (Fig. 119, A) are laid in long chains; thoy aro 
white, and excessively numerons. The yolk undergoes total 
segmentation (Fig, 119, #). At the close of this period, 
when the yolk is surrounded by a Jayer of cells, the i 
elongates at what is destined to be the head-end ; this 
pushes in, forming a cavity, and in this stage it ‘ts called 4 

). By this time the embryo becomes pear 


ke appendages to the head, while the body is 
by cross-lines into segments. The head lies retracted 
X the body (2). 

Tn hatching, it pierces the egg membrane by the aid of its 
cephalic armature, and escapes into the water, where it passes 
the eurly part of its life. Fig. 119, F, represents the ombryo of 
Gordins aquations greatly magnified. It will be seen how 
greatly it differs from the adult hair-worm, having im this 
stage some resemblance to the Acanthocephalus by its cephalic 
armature, to the Nematoidea or thread-worms by its alimen- 
tary canal, and in the nature of its secretory to the 
lurve (corcaria) of the Trematodes or flake-worms, But the 
hair-worm differs from all these worms and even Mermis, » 
hair-worm much like and easily confounded with Gordius, 
in having a complete metamorphosis after leaving the egy. 
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When in this stage it incessantly protrudes and retracts 
its armed head, the spines being directed backward when the 
head is out. 

Tn the first period of larval life the worm lives encysted 
in the bodies of aquatic fy larvew. The vessel in which 
M. Villot put his Gordius eggs also contained the larve of 
Tanapns, Corethra, and Chironomua, small gnat-like flies, 
He found that cach of these larve contained numerous cysts 
with larve of Gordius. He then removed the larve 
from the cysts, placed them on the gnat-larva, and saw the 
larval hair-worm work its way into the head of the gnat- 
larva through the softer part of the integument ; during the 
process the spines on the head, reversing their usual position, 
enabled the worm to retain its position and penetrate farther 
in. Then, finding a suitable place, it came to rest, and re- 
mained immovable. Then the fluids bathing the parts co- 
agulated and formed a hard, granulated sac. This sac at 
first closely envelopes the body, then it becomes looser and 
longer, the worm living in the anterior part, the front end 
of the sac being probably never closed. In this first larval 
state the worm is active. 

In the second larval period the young hair-worm lives mo- 
tionless and encysted in the mucone layer of the intestines 
of such small fish as prey on the gnat-larve. A minnow, for 
example, swallowing one of the aquatic gnat-larym, the en- 
cysted larva becomes set free by the process of digestion in the 
stomach of the fish; tho cyst dissolving, the young hair- 
worm itself becomes free in the intestine of its new host, 
Immediately it begins to bore, aided by the spines around 
the head, into the mucous membrane lining the inner wall 
of the intestine of the fish, and there becomes encysted, the 
worm itself lying motionless in its new home, with its head 
retracted and the tail rolled in a spiral. The cyst is either 
spherical or oval. (Fig. 119, @.) 4 

The return to a free state and an aquatic life occurs in the 
spring, five or six months after the second encystmen M 
then bores throngh its cyst, and passes into the | 
eavity of the fish, and from thence is carried ont with the 
feces into tho water. On contact with the wator great 
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changes take place. ‘The numerous transverse folds in the 
body disappear, and it becomes twice as long as before, its 
head-armature di: 

and pulpy. 

able period, and then increases in size ; the integument grows 
harder, and when about two inches long it turns brown and 
begins to move. Most hair-worms live in ground beetles 
and locusts, twining round the intestines of their host, 
finally passing out of the anus. They are often seen in 
fresh water pools, twisted into knots, whence their name 
Gordius. They sometimes occur in horse-troughs, whence 
they are supposed by the ignorant to be transformed horse- 
hairs. 


Order 8. Chatognathi.—This group is represented by a 
single genus, Sagitla, which, from the singularities in its form 
and structure, has by different authors been referred to the 
Crustacea, the Mollusca and even the Vertebrates. Tta de- 
velopment and structure show that it is closely allied to the 
‘Nematode worms. It is about two centimetres (nearly one 
half inch) in length, and is found swimming at the surface 

of different parts of the world. ‘The lateral and 
expansions of the skin of the end of the 
‘ch 3 


of short, strong spines. In the young Sagitta 
a dee of lateral spines behind the head, 


¢ terminating i in a ventral opening near the 

of the body. ‘The nervous system consists 
of a brain from which two nerves are distributed to the eyes, 
and two lateral nerves pass backward to a large ventral gan- 
glion lying near the middle of the body, from which two 
threads pass backwards, The sexes are united fn the sume 
individual, the two long tubular ovaries communicating by 
two long ciliated oviducts, each with s separate outlet at the 
buse of the tail. Behind the oyaries and anus are two cham- 
bora in which the spermatic particles are developed from mass- 
va of colls floating freely in the perivisceral fluid, and escap- 





THE SAGITTA, 


ing by lateral duct on each side of the tail. Theegg passes 
through a mornla and gastruls stage (Fig. 120). The prim- 
itive’ opening (a) afterwards closes 
and a new opening is made at the op- 
posite pole, which is the permanent 
mouth. ‘The embryo is oval at first, 
but soon elongates, and the form of the 
adult is attained before the Sagitta 
leaves the egg. Sagitta elegans Ver- 
rill is about 16 millimetres in length, 
oe oe in the waters of New we i ype elgg 


Crass 1.—NEMATELMINTHES, 
Round-bodied worms, with a dense integument, not jointed ; with an ali- 


mentary canal (except in Kehinorhynchua); no water-vascular or respira. 
tory aystem ; the nervous system waually reduced to a brain and tio ner- 
tous threads passing along the body ; with excretory organs. The head 
sometimes hooked or spinulated ; and except in Echinorkynchus and Gor. 
diaces no metamorphosis, the young hatehing in the form of the adult, 
Mostly parasitic, and urualiy bisexual, 


Order 1. Acanthocephali,—Cylindrical, with a beak armed with hooks, 
without mouth or digestive tract. (Rchinorhynchus) 


Order 2. Nematodex—Long, slender, cylindrical, with * mouth and 
intestine ; but no metamorphosis. Suborder 1. True Ne- 
matedes (Ascaris, Oxyuris, Eustrongylus, Trichocephalus, 
a Filaris, Anguiliula, Echinoderes). Suborder 2. 

Gordiacea (Mermis, Gordius). 
Order 3, ee are a well-marked head, with lateral and 
ike ‘expansions of the skin ; hermaphrodite, 
ata) 


pein Work—These worms are to be mainly sought for in. 
the alimentary track of flahes and mammals, while Sagitta may be 
aught with the tow-net. They may be studied with good s “ 
sides the ordinary mode of dissection, by cross-section 


scope. 





Crass ITL—Roraronta (Rotifers). 


General Characters of Rotifers.—The Rotifers, or whoel- 
animaleules, are abundant in standing water, in damp moss, 
ete., and in the ocean, and are so transparent that their fn- 
ternal anatomy can be studied without dissection, while they 
are so minute, being from one fortieth to three hundredths 
of an inch im length (§ to $ mm.), that high powers of the 


microsoupe are needed in 
studying them. They ar 
of special interest from 
the fact that after being 
dried for months to sueh 
a degree that little if any 
moisture is left in the 
body, they may be revived 
and become active. Pr 
fessor Owen has observed 
the revivification of a 
Rotifer after having been 
kept for four years in dry 

sand, 
As un example of the 
ordinary type of Rotifer 
ie Sguamella 


tea wo oblonga (Fig. 121), whieh 


. is allied to Brachionna, 


The charicteristic organ 


Srcnples the tower of the wheel-animalonles 


Cilla: beartog velat 


te is the eelum (ib) or pair 


of ciliated wheel-like flaps 


‘yi-wt, on each side of the head, 


the velum of the larval mollusk. 


which is comparable to 
By means of the rotatory 


movements of this volum the creature is whirled swiftly 
around. The body is broad and flattened, with the walls 
often dense, chitinous, sometimes shell-like, and variously 
soulptared, or the animal may be long and worm-like, as in 
Rotifor vulgaris (Fig. 122). The body is composed of several, 
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not over six, segments, A Rotifer may, in fact, be regarded 
a8 un advanced frochosphere or more properly cephalula, and 
comparable with the larvw or cephalulw of mollusks, Poly- 
zoa, Bruchiopoda and the Annelids. The alimentary canal 
consists of a funnel-like cavity, the mouth, which may 
be central, or situated on one side of the nead; it leads 
to the masfax or pharynx-like muscular sac, supporting 
a complicated set of chitinone teeth within (malleus 
and incus) which seize und masticate the food, which, 
through the rotary action of the yelum, passes 
down the buceal channel or mouth-opening, and 
lodges within the mastax. The so-culled sali- 
vary glands are two lange, clear, vesicular 
glands, which are attached to the funnel and 
rest on the summit of the mastax. The latter 
opens into the wsophagus, “a membranous 
tube, capable of great expansion and contraction, 
but varying much in length and diameter in 
different genera.” Gosse also states that a cur- 
rent of water appears to be almost constantly 
setting through the funnel and mastax, and 
thence through the esophagus into the stomach ; 
the lutter is quite large, and provided with so- 
called “pancreatic” glands, emptying into the 
anterior end. There are also hepatic follicles 
and ceca, while the intestine ends in a rectum 
and clowca, the latter opening at the base of 
the tail. In Notommata, the digestive canal 
ends in a blind sac, and in such male Rotifers 
as are known, there is no digestive cavity, the 
canal being represented by a solid thread. se 
‘There are no vascular or respiratory organs, but '* 
# system of long, convoluted excretory tubes, 
‘one on each side of the body, which, as in the 
and Gestodes, unite in a common, large cont: 
which opens into the end of the intestine. 
which are in places ciliated, correspond to thi 
‘of Annelida; they are open at the end, 
tubes thus communicating with the body-cw 





according to Huxley, not being impregnated. 
The eggs i 


remarks apply to the mode of development 

mule eggs, which are quite distingubbahie 

culine ones. The eggs undergo total 

the onter layer of cells resulting from subdivisi 

the blastoderm, and when this is developed the 

tion of the organs begins. The first occurrence is an i 
he 


opposite end as in Sagitta, but the entire de- 
the germ is much as in the mollusk 
as Salensky often compares the earliest phases of deyel- 
opment of this Rotifer with those of that mollusk. The 
‘‘trochal disk,” or yelum, arises in certain mollusks, 
as a swelling on each side of the primitive 
There is soon formed at the bottom of bo pie in- 
folding a new hole or infolding of the ectoderm, which is 
the trne mouth and pharynx, while a swelling just behind 
the mouth becomes the under lip, The stomach and intes- 
tine arise originally from the endoderm, 
Soon after, the two wings of the velum become well 
marked (Fig. 128, »), and their relation to the head ix ax 
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constant as in Calyptrea, ‘The tail (f) becomes conical, 
larger, and the termination of the intestine and anal open- 
ing is formed at the base. 

The internal organs are then elaborated ; first the nervous 
system, consisting of but a single pair of ganglia arising 
from the outer germ-layer (ectoderm). Soon after the sen- 
sitive hairs arise on the wings of the velum. 

Fig. 123 represents the advanced embryo, with the body di- 
vided into segments, the puir of ciliated wings of the veluin 
(e), and the long tail (4). At this time the shell begins to 
form, and afterwands covers the whole trunk, but not the head. 

‘The inner organs are developed from the inner germ-layer 
(endoderm), which divides into three layers, one forming the 
middle part of the intestine, and the two others the glands 
and ovaries. The pharyngeal jaws arise as 
two small projections on the sides of the 
primitive cavity, The male develops in 
the same mode as the female, 

Though the development of the Rotifors, 
so far as known, is more like that of the 
mollusks thun trne worms, the Rotifers 
may be regarded as a generalized cephalula 
form, representing the larval forms of An- 
nelids und mollusks, with decided affinities, wey Felt teh 
when we consider their chitinous covering =: 
or carapace, the fold of the intestine, and the single nervons 
ganglion, to the Polyzoa, and with more remote resemblances 
to the Brachiopods. They are on the whole generalized forms. 
A few species are parasitic : Aldertia living internally, and 
Balatro on the surface of the Nais-like worms. With the 
lower Rotifers are associated a group of worm-like forms 
ropresented by Chatonotns, Ichthydium, ete,, and forming 
the group Gastrotricha. They have no mastax, and the body 
is only ciliated near the ond. Through Dinophilus, a Tur- 
bellarian worm, they are connected with the flat worms. 
‘The genus Echinoderes is also regarded by Clans asa low 
Rotifer. Tt seems quite apparent from this that the Rotifers 
are « type which has originated from worms resembling the 
generalized Turbellarian form, and which connects the latter 
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with the Polyzoa, Brachiopods, and possibly the Mollusca, 
the latter branch being probably a modified vermian type, 
and with an ancestry not unlike that of the Rotifers and 
aberrant, generalized Polyzoa und Brachiopoda, The classi- 
fication of the Rotatoria is in an unsettled state, the group 
probubly consisting of three orders, viz. : the true Rofatoria, 
the Echinoderida, and Gastrotricha, 


Otass TIL—ROTATORIA. 


Worms with usally more or leas solid vegments, cory uncqualiy dereloped, 
Naring « ciliated velum, the mouth opening into a waster ; sexes separate, 
the males much mailer, more rudimentary than the females. A maall 
nervous gangiion, No efroulatory apparatus, but with « voluminous exere- 
tory (water-cascular) organ, 

(Albertia, Asplanchna, Hydatina, Brachionus, Rotifer, and the 
highest form, Floscularia.) 

Laboratory Work.—Tho Rotifers can only be studied while alive and 
as transparent objects. Little is known about the American species. 


Crass IV.—Poryzoa (Afoss Animals). 


The Polyzoa, though not commonly met with in frosh 
water, are ig the commonest objects of the seashore, 
most microscopic createres, social, grow- 

¢ in communities of cells (called poly- 

zoaria or corms), forming patches on sea- 

weeds and stones (Fig. 124, Membranipora 

solida Pack.). Certain deep-water species 

. grow in coral-like forms (Fig. 125, Myrio- 

zoum subgracile D’Orbigny), while the 

A. ous or horny Polyzoa (Fig. 126, 


‘oD Halophila borealis Pack.), are often mis- 

Vig. 104 —Cells of Sea- taken for sea-woeds on the one hand, and 

man esis. Sertularian Hydroids on the other. From 

their likeness to mosses the name Bryoza was given to the 

group by Ehrenberg, a year after Thompson (1830) had 
culled them Polyzoa, so that the latter name has priority. 
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The simpler form of Polyzoon is a worm-like creature 
enclosed in a minute, deep, horny cell, with the alimentary 
canal bent on itself and terminating in a vent situated near 
the mouth, the latter surrounded, in the fresh-water forms, 


Mig. 18\—Branching marine Polproon, Corm of Myriceoum mibgrocte, 


with a horseshoe-shaped crown, or in the marine species a 
cirele of slender ciliated tentacles. The animal when dis- 
turbed withdraws into its tube or shell, which is often trans- 
parent, allowing it to be examined 
when alive. The cells are rarely 


single, but a cormus, polyzoarium or 
polyzoon-stock is formed by the bud- 
ding of numerous cells from the one 
first formed. The single polyzoon is 
called a polypide, and its cell a cystid. 
In Pedicellina, the simplest polyzoon, 
the polypide has no cystid or cell. 
‘The cells are, in the marine forms, 
nsually closed, and independent of 


each other. The wall forming the Fis. 1%. — Teton borealis, 
cell ia called the endocyst ; it com- 

prises the ectoderm proper, with a portion (parietal layer) of 
the mesoderm forming the soft lining of the cell. 
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the funiculus or in the walls of the body. The body, 
especially the lophophore, is retracted and pushed out 
by muscles arranged in pairs on either side. As seen in 
bccn a fresh-water form, the alimentary canal 
from the lophophore, occupying the centre of 

fas polypide, and floating freely in the rapidly moving 
blood” (Hyatt). The yellowish msophagus, the stomach 
barred with brown, and the brownish intestine are balanced 
upon a fold of the intestine (the invaginated fold), which 
is retained in the cell by the retentor muscles, and is sur- 
rounded by a large sphincter muscle. There are two sets 
large retractor muscles, one on each side of the digestive 


and of the anus The crown of tenta- 
cles is swayed by these muscles in every direction, or when 


glove may be inverted within the 
empty palm, This may be done with great rapidity or 
slowly. ‘The process has thus been graphically described by 
Hyatt: “The polypidal endocyst is first turned inwards, 
folding upon itself, and prolonging the permanently invagi- 
nated fold below. ‘he tentacles, arriving at the edge of 
the coonmcial orifice, are pressed into a compact bundle by 
the action of their own muscles, and, together with the 
lophophore, are dragged into the cell by the continued invag- 


completed. 

* The polypide in its exerted state is buoyed up and sus- 
tained by the pressure of the fiuids within. Consequently, 
when invaginated, it displaces an equal bulk of these in the 
closed coonmcium, and their reaction, aided by the contrac- 
Sead. tho muscular endocyst, is sufficient to evaginate the 


The evagination with the relaxation of thesphine- 
tn which permits Yip ends of the tentucles to protrude, 





“The polyzodn reasons from the sense of tonch inherent 
in its tentacles, and cannot be induced to expose itself above 
the cenewcium until thoroughly satisfied by these sensitive 
feelers that no danger isto be apprehended. In fact, these 
plant-like creatures, singly mere pouches with a stomach 
hanging in the midst, exhibit greater nervons activity and 
‘animality,’ than we find among the more highly organized 
Ascidia, or shell-coyered B: 

‘The epistome is a fold of the lophophore, used to close the 
month and thus prevent the food from escaping from the 
mouth, It is tongne-like and very pliable. **'The border is 
capable of a tactile motion similar to that of the human 
tongue, and it takes cognizance of what passes into the 
mouth by frequent and repeated jorks toward the aperture” 
(Hyatt). Itis situated immediately over the ganglionic mass, 
and between the anus and mouth. 

The Polyzoa, as regarded by Hyatt and others, are struc 
turally nearly related to the Brachiopods, the higher forma 
of which, euch as Teredratula and Rhynconella, have the res- 
piratory tentacles similarly placed around the disk or 

is perforated at the centre by the mouth, and 

he alimentary canal hangs, with a dorsal flexure 
andanusnearthe mouth, “The extension of the lophophore 
into two or three spiriform arms, the complex structure of 
the tentacles and of the muscular and nervous systems, ure 
all more or less foreshadowed by the condition of these 
toms among the higher Volyzoa.” On the othor hand) tea 
Polyzoa ro closely related to the worms, the Gephyrean 
worm, Phoronis, being the connecting link. The mode oe 
development of the Polyzoa and Brachiopoda are quite simi- 
Jur, na will be seen farther on, and owing to these decided sim- 
Jarities in development and anatomy, the Polyzoa and Brachi- 
opods form a natural group or series, distinct on the one 
hand from the Kofatoria, and ou the other from the mollusks 
and worms, 
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Certain branching marine forms are provided with organs 
like birds* heads, situated on a stalk and called avicudaria, with 
a movable jaw-like appendage, which keeps up an incessant 
snapping. Beside the avicularia, there are, as in Serwpo- 
cellaria, long bristle-like appendages to the cells, called 
vibracula, 


‘There are no organs of epecial sense in the Polysoa, unless 
the epistome may be regarded as an organ of sense, and the 
nervous system consists of a single rounded ganglion (Frede- 
ricella), or, a8 in Plumatella, « double ganglion, situated be- 
tween the moath and yent, from which one set of nerves are 
distributed to the epistome, lophophore, tentacles, and evagi- 
nable endocyst, and another set to the various parts of the ali- 
mentary canal. A so-called colonial nervous system is sup- 
posed to exist in the Polyzoa, as when the cooncecium in some 
forms is touched all the polypides become alarmed, which 
indicates that a set of nerves connect the different polypides, 
though no such nerves have yet been discovered. The 
fresh-water Polyzoa are not sensitive to light, nor to noises, 
only to agitation of the water in which they dwell. 

All the Polyzoa are hermaphrodite, the ovary and male 
glands residing in the same cyatid, the testis being situated 
near the bottom and attached to the funiculus, while the 
ovary is attached to the walls of the upper part of the cell. 

Allman regards the polypide and cystid a3 separate indi- 
viduals. ‘The singular genus Lozosoma is like the polypide 
of an ordinary Polyzoan, but does not live in a cell (cystid). 
On the other hand, we know of no cystids which are with- 
out a polypide. Remembering that the eystids stand in the 
same relation to the polypides as the hydroids to the medusw, 
as Nitsche insists, we may regard the polypides as secondary 
individuals, produced by budding from the cystids. The 
large masses of cells forming the moss-animal, which is thus 
a compound animal, like « coral stock, arises by budding out 
from a primary cell. The budding process begins in the 

or inner of the double walls of the body of the 
aceording to Nitsche, but according to an earlier 
‘observer, F. A. Smitt, from certain fat bodies float- 


igi the cy, 





into the 
Lexoseme alone, in which the vent is situated 


lophophore—a 
porns (Gymnolemata and ye Asn 
The development of the Polyzoa is not very 
In the marine forms, as studied by Barrois, the germ passes 
through a morala stage ; after which the cells are 
into two halves, separated by a crown of cilia; at this stage 
it is called a dlastula, Atthe time of birth the ciliated germ 
is a disk-shaped gastrala, with two opposite faces or ends, 
separated by the crown, one (aboral) bearing in its contre 
the mouth-opening. ‘This ciliated free-swimming top-like 
gastrula stage is called a 
After swimming about as ciliated larve (trochosphores), 
the shell or ectocyst develops, and the larva becoming station- 
ury, the cystid forms, its calcareous shell develops, andl finally 
the polypido is indicated, and the primitive cell is gradually 
formed. 
As seen in Phalangella flabellans, the larva, atter becoming 
fixed | to some object, consists of a white pyriform mass, 
veloped by an ectocyst, with numerous fat globules 
latter and the white mass, The ectocyat swells 
oidal sac, with endocyst, ectocyst, and an external 
the internal whitish mass transforms into the 


the secondary cells of the polyzoarium 
ri takes pluce. It begins by the appearance of a 
coll plicod ront and below the primitive cell, and which 
borders it on each side ; its socondary cell then divides into 
two, each of which successively gives origin to three cells, 
and wo thus arrive at an Jdmonea stage; aud finally the 
Phalangella stage is reached, the process being a dichoto- 
mous mode of budding quite analogous to that which pro- 
duces the broad, flattened corm of Hvcharina, 
The development of Membranipora pilosa, which is very 
abundant on our shores, growing on sea-weeds, is of singu- 
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lar interest. The free-swimming ciliated larva is provided 
with a bivalve shell, and was originally described as a La- 
mellibranch larva under the name of Cyphonautes. 
Schneider discovered that it was a young Membranipora. 
Barrois, who has traced its complete history, states that its 
metamorphosis is fandamentally like that of the other ma- 
rine Polyzoa. Flustrella hispida passes through a similar 
Orpeeaiiet stage. 

In Lorosoma young resembling the adult bud out like 
polyps. Nitsche does not regard this budding process as an 
alternation of generations, but states that in Polyzoa of the 
family of Vesiculariide, this may occur, as in the latter 
some cystids form the stem, and others (the zoweia) produce 
the eggs. Most fresh-water Polyzoa reproduce by the devel- 
opment of winter buds or eggs surrounded by a horny case, 
and developing from the funiculus. 

To recapitulate: the Polyzoa increase (2) by budding ; (4) 
by normal (summer) eggs, and by producing statoblasts, or 
winter eggs. In reproducing from summer eggs, the young 
pass successively through a morula, blastula, gastrula and 

before attaining maturity. 

‘The most aberrant Polyzoan is Rhabdopleura mirabilis Sars, 
which occurs in from 100 to 300 fathoms on the coast of 
Norway. It differs from other forms by the want of an en- 
docyst or mantle, whence it moves up and down in its cell, 
withont being attached to the opening, the muscles usually 
present being wanting, the cord by which it is attached to 
the bottom of its long, slender tubular cell being contractile. 
The foramen al is much like that of the fresh-water Poly- 

of two long arms, bearing two rows of 
per tentacles, The epistome is represented by a large 
round dick. 

‘The marine Polyzoa occur at great depths, and a few species 
are cosmopolitan ; the type is very persistent, and occurs 
jn the oldest Silurian strata, the earliest forms being very 
similar to their living descendants. 





dueling of numerows cable from « primate eur 


Onder 1, Botoprocts,— Vent within the lophephors (Lossscma.} 


Order %, Keloprocta—Veut withuat the lepbophere. (Lepraiia, Es 
chars, Idmonea, Myriozoum.) 


Laboratory Work.—The Potyzoa are too snail 
niust be studied while alive ax tranaparest objects, 
in aquaria, ‘Tho corms in part or whole ean be 
cromcope ae Opaque objects, 


OLass V.—Buacntovona (Lamp Shells). 


Gonoral Characters of Brachiopods.—This group is named 
Brachiopoda from tho feot-like arms, fringed with tentacles, 
coiled up within the shell, and which correspond to the 
lophophore of the Polyzoa and the crown of tentacles of the 
Sabella-liko worms, From the fact that the animal secretes 
‘a truo, bivalved, solid shell, though it is usually inequivalye, 
i.e., the valves of different sizes, the Brachiopoda were gener- 
ally, and atill are by some suthors, considered to be mol 

thongh aberrant in type. ‘They may be regarded as& 

typo of worms, with some suj inl mollasean 

shell of our common northern species, Tore 

bratulina se ‘rionalis, which lives attached to rocks in 

from ton to fifty or more fathoms north of Cape Cod, is in 

shape comewhat like an ancient Roman lamp, the upper and 
larger valve being perforated at the base for the 

through it of a peduncle by which the animal is attaghod 

to rocks. ‘Tho shell is secroted by the skin (ectoderm), and is 





wall of the body-cavity. 

chamber the mouth opens, bounded on each side by the 
base of the arms, The latter arise from a cartilaginous 
base, and bear ciliated tentacles, much as in the worm Sa- 
bella, In Lingula, Discina, and Rhynconella, they are de- 
veloped, as stated by Morse, in a closely-wound spiral, as in 
the genuine worms (Amphitrite). In Lingula the arms can 
be partially unwound, while in Rhynconella they can not 
only be unwound but protruded from the pallial chamber, 
Tn many recent and fossil forms the arms are 


‘Processes aro present the arms cannot be pro- 
truded beyond the shell. The tentacles or cirri on the arms 
are used to convey to the mouth particles of food, and they 


eating with the blood-sinus or hollow in each arm, the sinus 
ending in suc on each side of the mouth. 

The digestive system consists of a mouth, osophagus, 
stomach, with a liver-mass on each side, and an intestine. 
Fig. 128 shows the relation of the mouth and digestive canal 

the head and arms, os seen in a longitudinal section of 
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the anterior part of the body of Lingwle. The mouth is 


is, with the 
stomach, freely 
suspended in 
the periviscera) 


Terebratulina, Thecidium, Waldheimia, Rhynconella, 
otc,, the stomach ends in a blind sac, and there ia no vent, 
jectamenta escaping from the mouth. In Lingwla and 
ina there is a vent which terminates anteriorly on the 
ide, In Lingula 
makes « 


van png the tafe the 
fnfracieop hagual pair of Saris i Niven’ gy lin ae eetareadbor 
larger ganglia, and there 
are two elongated ganglia behind the arms, from which nerves 
are givon off to the dorsal or anterior lobe of the mantle, 
From tho infrasophageal ganglia two lateral ventral conte 
pus backwards, in their tract sending off delicate threads, 
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bat with no ganglionic enlargements, except in Discina, 
where they terminate each by a ganglion in the last two 
posterior muscles. Morse has discovered the presence of 

auditory capsules in Lingula. 
Respiration is mainly carried on in the mantle (pallial 
membrane). In Lingula the pallial membrane is divided 
into oblique transverse sinuses, which 


run parallel to each other. From 

these arise, says Morse, numerous 

flattened ampullw, which are highly 

oftiooa Contractile. The blood courses in 

fouyeiaken regular order up and down these 

sinuses, entering each of the ampulle 

in turn. Fig. 130 represents a row of five ampulle with in- 

dications of the course taken by the blood-disks. These 

ampulle have not been found in Discina, though the pallial 

sinuses are yery prominent, The breathing process is also 
carried on in the tentacles or cirri. 

Intimately connected with the vascular system is a gland- 


Fig, 131. ntal organs of Brachto~ 
ina ; , Terebratalina.—After 


ovaries are attached in Discina and Lingula to the 
delicate vascular membranes of the large sinuses in the pal- 
lial membranes, the vascular membranes being thrown into 


conspicnons ruffs when the eggs are ripe. In Terebratulina 
and Rynchonella they are not only similarly situated, but 
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hang in clusters from the genital bands in the perivisceral 
cavity. The mature eggs detach themselves from the ovary 
tu float freely in the perivisceral cavity, whenoe they pass into 
the flaring, ciliated months of the segmental organs, and are 
discharged by them into the water. These organs 
or oviducts are tubular, trumpet-shaped, as in the true 
worms (Fig. 131). In Lingula, Discina, and Terebratulina, 
there is but a single pair, in Rhynconella two pairs. The 
external orifices of the oviducts form simple slits, while in 
Terebratulina they project from the anterior walls like 
tubercles, as in the true worms (Morse) The spermaries 
occur in the same situation in the perivisceral cavity as the 
ovaries. As observed in Terebratulina, by Morse, in a few 
hours after the eggs are discharged the embryos hatch and 
become clothed with cilia, Kowalevaky observed in the egg 
of Thecidium the total segmentation of the yolk (also ob- 
served in Terebratulina by Morse), until a blastoderm is 
formed around the central segmontation cavity, which con- 
tains a few cells, The similar formation of the blastoderm 
was seen in Argiops, but not the morula stage. After this 
the ectoderm invaginates and a cavity is formed, opening 
externally bya primitive mouth. The walls of this cavity 


cavity of the mature animal. 
In Terebratulina Morso observed that the oval ciliated 
germ became segmented, dividing into two and thon three 
rings, with a tuft of 
long cilia on the an- 
terior end (Fig. 133, 
A). Tn this stage the 
larva is quite active, 
swimming rapidly 
about in every direo- 
Pig. t.—Larvat stages of Torebratulina— tion. 
Se Soon after, the germ 
looses its cilia and becomes attached at one end as in Fig, 
132, B (¢, cephalic segment ; ¢h, thoracic segment; p, pe- 
duncular or caudal segment), The thoracic ring now in- 
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crouse much in size so as to partially enclose the cephalic 
segment, asat ©. ‘The form of the Brachiopod is then soon 
attained, as seen in D, in which the head (c) is seen project- 
ing from the two valves of the shell (4), the larger being 
the vontral plate, 

The hinge margin is broad and slightly rounded when 
looked at from above ; a side view, however, presenta a wide 
and flattened area, as is shown in some species of Spirifer, 
and the embryo for a long time takes the position that the 
Bplrifer must hive angumed (Alans): Beforo tho folds have 
closed over the head, four bundles of bristles appear ; these 
bristles are delicately barbed like those of larval worms. 
‘Tho arms, or cirri, now bud out as two promincnces, one on 
tech side of the mouth. Then as the embryo advances in 
growth the outlines romind one of a Leptana, an ancient 
genus of Brachiopoda, and in a later etage the form becomes 
quite unlike any adult Brachiopod known, 

‘The deciduons bristles aro then discarded, and the perma- 
nent ones make their appearance, two pairs of arma arise, 
and now the shell in “its general contour recalls Siphono- 
treta, placed in the family Discinule by Davidson, a genus 
not occurring above the Silurian.” No eye-spots could be 


sand head bearing « 


‘Terebrutalina when in its form it recalls Megerlia or Argi- 
ope. © ropresenta a Inter Lingula-like stage, “It also 
suggests,” says Morse, “in its movements, the nervously 
acting Pedicellins. In this and the several succeeding 
tages, the mouth points directly backward (forward of 





it 


Tig. 138 —Later larval stages of Terebratatina. —Aftor ors, 
ntestine was held to the mantle by an attachment, as in the 
adult, reminding one of the funiculus in the fresh-water 
Polyzoa. In tracing the development of Argiope, Kowal- 
shown that the larva is strikingly like those of the 

t s, a8 well as the Tornaria stage of Balanoglossus. 
"While in their development the Brachiopoda recall thy 
Jarve: of the true worms, they resemble the adult worms in 
the general arrangement of the arms and viscera, though 

they lack the highly developed nervous system of the Anne 
lids, as well as a vascular system, while the body is net 
jointed. On the other hand they are closely related to the 

Polyzoa, und it seems probable thut the i 

Polysoa were derived from common low vermian ancestor, 

while the true Annelids probably sprang independently 
from a higher ancestry. ‘They are also a generalized typy 
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having some molluscan features, such as a solid shell, though 
having nothing homologous with the foot, the shell-gland 
or odontophore of mollusks. 

In accordance with the fuct that the Brachiopods are a 
generalized type of worms, the species have a high antiquity, 
und the type is remarkably persistent. The Lingula of our 
shores (L. pyramidata Stimpson, Pig. 134) lives buried in 
the sand, where it forms tubes of sand around the peduucle, 
just below low- 
water mark from 


ity, not only with- 

standing the 

changes of tem- 

perature and ex- 

posure to death 

from yarious oth- | Mig, i4—Lnpuis 

orcanses, but will “ 

bear transportation to other countries in sea-water that has 
boon unchanged. Living Lingula have been carried by Prof. 
Morse from Japan to Boston, Mass., the water in the small 
glass jar containing the specimens having been changed but 
twice in four months, The living species of this cosmopol- 
itun genus differ but slightly from those occurring in the 
lowest fossiliferous strata. Between eighty and ninety liv- 
ing species are known, most of them living, except Lingula, 
which is tropical, in the temperate or arctic seas, while nearly 
2000 fossil species are known, The type attained its maxi- 
mum in the Silurian age, and in paleozoic times a few spe- 
eles, a8 Afrypa reticularis, extended throngh an entire system 
of rocks and inhabited the seas of both hemispheres. 


Cusss ¥.—BRACHTOPODA. 


Brelied worms, with a limestone or partly chitinous, inequicatee, Minged 
or unhinged shal, enclosing the worm-tike animal ; with tio euraily coiled 
arms prowidedl with dense ciliated cirri or tentacles, and capaine of reaching 





Laboratory Work.—Specimens of Terebratulina can be dreiged lo 
from ten to fifty fathoms ona rocky bottom north of Cape Cod, and the 
anatomy and development of the young be studied in living examples 
Lingule can be obtained at Beaufort, N. C., and in the sandy shore 
southward. While the general structsire can be studied from skohdlic 
specimens, the recent discoveries which have advanced our knowledge 
of the Brachlopods have been made on living, active iudividuala Thr 
eggs are minute and have to be studied with high pawers of the micr> 
seope. 


Crass VI.—Tuntcata (Ascidians, Sea-squerts), 


Goneral Characters of Tunicates.—While tho Tunicates 
are an aberrant type of worms, with affinities on the ons 
hand to the larvw of the lower worms, #.¢., the Cercaris 
form of the Trematodes, on the other hand they havo s 
startling resemblance in the tadpole-like young of many 
genera to the vertebrate Amphiorus. The position given to 
them between the Brachiopods and true worms not far from 
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Balanoglossus, is a provisional one. In a diagram showing 
the classification, #.e., the affinities of tho different classes of 
animals, the Tunicates may be represented as an independent 
branch sent off possibly from the ‘Trematode stem, running 
parallel to the worms, near Balanoglossus, and ending a little 
below the level of Amphiozns. They have certainly few 
mollusean features, what do exist being superficial, and 
nothing to remind us closely of the Polyzoa or Brachiopods, 
and the class is here treated of because, in a serial arrange- 
ment of the classes of animals, the Tunicates can best be 
described at this place, rather than after the true worms, or 
immediately before the vertebrates. 

The Ascidians are common just below low-water mark, 
cither hidden in masses of muzsels, attached to the rocks 
under sea-weeds, or the compound species 
may be found forming bright-colored masses 
on the piles of wharves and bridges, while 
the Botrylins grows on the leaves of cel- 
grass. For purposes of study tho larger 
forms, such as Ascidia, Cynthia, and Bol- 
tenia, may be dredged. On placing a good- 
sized Ascidian in a vessel of fresh sea-water, 
it will be fonnd to consist of a semi-trans- 
parent or quite opaque test with two open- 
ings, one lower than the other, as seen in 
Molgula, which looks, when the two orifices 
are protruded, like a double-nocked bottle. The anterior or 
higher orifice or mouth is for the passage of currents of water 
into the respiratory sac, and the posterior, usnally lower, 
exeurrent orifice for the passage outwards of frcal matter. 
‘The test is either delicate and semi-transparent, allowing the 
intestine and ovaries and Jiver to be detected, or it may be 
quite tough and opaque. It is rendered tough and hard b: 
the presence of cellulose, a substance usually occurrin; 
the walls of vegetable cells, but very rarely in animal 


sues. 
Order 1, Ascidiacea.—Az an example of tho ordinary i. 

cates, wo will now study the internal anatomy of Pollen 

reniformis (Fig. 136), which lives in from five to twen' 
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fathoms off the coast of Northern New England, but which 
is sometimes thrown ashore on beaches, 

On examining the test of this Ascidian, which is mounted 
on a long stalk, the oral or incurrent orifice is seon at tho 
insertion of the stalk, and the atrial or excurrent orifice on 
tho same side near the opposite end. On ontting culioaopeles 
thick test and throwing the flap over to the left, the deli- 
cate mantle or tunic is disclosed ; it extends a short distance 
into tho stalk or peduncle. This thin hyaline mantle is 
eroased by two acts of narrow raised muscular bands ; the 
transverse fibres arc arranged concentrically to the two ori- 
fices, so a to close or open them, the longitudinal ones curr 
ing outward from the left side. 

Currents of eea-water laden with organic food pass into 
the oral orifice, which {s surrounded by a circle of tentacles 
pointing inward, and thonce into a capacious saccular bran- 
chial chamber within the mantle, which contracts at the 

where the esophageal opening is situated, The 

chamber, which is over an inch long in a good- 

imen, and gathered into fringed folds, is sieve-like 

ited perforations (compare Fig. 137 ¢), making the 

a lattico-work, tho blood coursing. through the yes- 
een the mezhes of the sieve-like walls. 

which lies at tho bottom of this branchial 


to the vent, which opens opposite to 
of the intestine is in part revolate 
igo of about twenty filaments, ‘Tho 


P 
liver forms a bi 
consists of tl 
lobules, with cts enveloping the inner 
the intestine. raries arc two yellowish, lange and long 
lobulated masses extending nearly the whole length of the 
body, while the right one is « little smaller, and situated in 
the fold of the intestine. The aérivm is that region of the 
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body-carity which lies between the end of the intestine and 
the atrial or excurrent orifice; into this atrial region tho 
Se eee eee ne i eiowt ot is Se) 


bw simplest form of Tunioate is\ Appendioularia, which 
bro era ped ep a my trae id 
Ascidian, so that it may be properly called a 

phonon ‘The Appendicularia ia a pelagic animal, usually 
about a quarter of an inch in length, found floating at or 
near the surface when the ocean is calm, and occurring in 
all seas a few miles from land or in mid-ocean. It swims 
by means of its large, long, broad, flat tail, the body being 


Pig. 195. —Anatomy of Boltenta—Drawn by J. 9. Kingsley from the author's 


oval or flask-shaped. In Appendicularia flabellum, as de- 
scribed by Huxley, the caudal appendage is three or four 
times as long as the body. The mouth leads into a large 
pharyngeal or branchial sac; 4 narrow osophagus at the 
bottom of this asc leads to « spacious stomach, with two 
the left one of which the intestine arises, curves 
way betwoon the mouth and insertion of 
In tho middle of the hwmal side (that side i 


the pharyngeal cavity called the endos!yle. 
endostyle are two oval ciliated apertures, 
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chial ene (A) to the stomach, while the intestine (B) ia flexed, 
directed upwards, ending at the bottom of the atriam not 
far from the atrial opening. Tho reproductive glands are 
situated behind or below the head of the intestine, the eggs 
being fertilized as they pass into the atrium, and the heart 
lies in the bottom of the body-cavity, being directly opposed 
to the nerve-ganglion (not represented in the figure), which 
lies betwoen the two openings. 

In the perfectly transparent Perophora, which grows on 
the piles of wharves on the coast of Southern New England, 
one individual after another buds out (as also in Olavellina) 
from a common creeping stalk like a stolon. In this form 
the ciroulation of the blood-disks in the branchial vessels and 
the action of the heart can be studied by placing living ani- 
mals in glasses under the microscope. The heart is a straight 
tube, open at each end, and sitnated close to the hinder end 
of the branchial sac, After beating for a number of times, 


throwing the blood with its corpuscles in one direction, the 
beatings or contractions are regularly reyersed and the blood 
forced in an opposite direction. 

Renal organs are apparently represented in Phallusia by 


tions of uric acid lies close to the ovary. 

In the forms already considered the plan of structure is 
complicated, owing to tho difficulty of distinguishing an 
anterior or posterior, a dorsal or ventral aspect of the 
animal. In Salpa and Doliolum, however, the body is more 
or less barrel-shaped, the hoops of the barrel represented by 
the muscular bands which, at regular intervals, surround the 
body. The mouth is near the centre of the front end, the 

mao is very large, and tho digestive tract makes 
of a turn than in the ordinary Ascidians, whil 
atrial opening lies directly at the posterior opening. TT! 
heart is troly a dorsal vessel, and the nervous ganglion is 
situated on tho opposite side of the body. This relation of 
the anatomical systems is most clearly shown in the genus 
Doliolum, and we have hore a slight approach to the eym- 
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Huxley, merely a: a kind of stalk, from which new zooids 
bud ont, and this process, in his opinion, “leads to the still 
more singular process of development in Pyrosoma, in which 
the first formed embryo attains only un imperfect develop- 
ment, and disappears after having given rise to four ascidio- 
woids.” In Clavellina and Perophora the original parent 
Ascidian throws off branches or stolons from which develop 
new individuals. 

‘The usual mode of development in the simple and com- 
pound Ascidians (forming tho order Ascidiacon) is by fertil- 
ized eggs. We will give the life-history of an Ascidian as 
based on Kowalevaky and Kupffer’s researches on Phallusia 
mammillata Ouvier, in which the embryonic stages were ob- 


« cor 

Fig. 13. Ascidian, A + A, primitive digestive ea. 
served, and Ascidia intestinalis, in which the larval and 

subsequent stages were studied. 
‘Tho egg consists of » yolk unprotected by a yolk-akin, but 
surrounded by a layer of jelly containing yellow cells, ‘The 
uundergocs total segmentation. The next step is the 
invagination of the cctoderm, a true gastrola state resulting. 
Fig. 138, A (after Kowalevsky), represents the gastrulu; 4, 
the primitive digestive cavity; a, the primitive opening, 
which #oon closes; and ¢, the segmentation-cavity or primi- 
tive body-cavity. After this primitive opening (a) is lost to 
view, sometime before the embryo has reached the stage B, 
another cavity (n) wppears with an external opening. This 
cavity is formed bya union of two ridges which grow out 
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(Fig. 188, A, 4); whether the primitive opening (Fig. 138, 
A, a) is closed or not, Kowalevsky says is an interesting 
question. According to analogy with many other animals 
it probably closes. 
‘The larva hatches in from 
forty-eight to sixty hours af- 
ter the beginning of segmen- 
tation, and is then of the 
form indicated by Fig. 139 
(copied with some additions 
and omissions from Kupffer’s 
figure, being partly diagram- 
matic). This anatomist dis- 
covered in the larva of As- 
cidia canina, which is more 
transparent than Kowalev~ 
sky’s Phallusia larva, not 
only « central nervous cord 
overlying the chorda dorsalis 
and extending well into the 
tail, while in the body of the 
larva it becomes broader, 
club-haped, and surrounds 
the sensitive cavity (a), but 
he also detected three pairs 
of spinal nerves (s) arising at 
intervals from the 
spinal cord (h, h’) and dis- 
tributed to the muscles (not 
ted in the figure) of 
the tail; Kupffer calls f the 
middle and g the lower brain- 
ganglion. The pharynx (4), 
or respiratory sac, is now 
yery large; it opens pos- 
teriorly into the stomach and 
intestine (i); 2 represents ? 
one of the three appendages by which the larva fastens 
itself to some object when about to change into the adult, 
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sessile condition ; ¢ indicates the body-wall, consisting of 
epithelial cells. 
We will now, from the ep nccrptrtitne s 
trace the changes from the larval, 
the sessile adult Ascidia, which may be observed. on po 
New England coast in August, After the larva fastens itself 
by the three processes to some object, the chorda dorsalis 
breaks and bends, the cells forming the sheath surrounding 
the broken axial cord. ‘The muscular fibres degenerate into 
round cells and fill the space between the chorda and the 
tegument, the jelly-like substance forming a series of wrin- 
kles. With the contruction and disappearance of the tail be- 
gina that of the nerve-vesicle, and soon no cavity is left, The 
three processes disuppear ; the pharynx becomes quadrangu- 
lar ; and the stomach and intestine are developed, 
bent under the intestine, .A mass of cells arises on the an- 
terior end beneath the digestive tract, from which originate 
the heart and pericardium. In a more advanced stage, two 
gill-holes appear in the pharynx, and subsequently two more 
slits, and about this time the ovary and testis appear at the 
bottom, beyond the bend of the alimentary canal. The free 
cells in the body-cayity are transformed into blood-cells, and 
indeed the greater part of those which composed the nervous 
system of the larva are transformed into blood-corpusoles. 
OL nbryonal nervous system there remains a very small 
ganglion, no new one being formed. The adult Asoidian 
ile has been attained, and the very small indi- 
the most part only in size from those which 


;some highly important features, recall- 
ing vertebrate teristics, have occurred at different pe 
riods in the life of the embryo Ascidian. Kowaleysky remarks 
that “‘ the first indication of the germ, tho. direok pease 
the segmentation cells into the cells of the embryo, the for- 
mation of the segmentation-cavity, the conversion of this 
eavity into the body-cavity, and the formation of the digee 
tive cavity through invagination—these are all occurrences 
which are common to many animals, and have been observed 
in Amphioxrus, Sagitta, Phorpnis, Echinua, ete, The frat 
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point of difference from other animals in the 
of all vertebrates is seen in the formation of the dorsal 
ridges, and their closing to form a nerve-canal. This mode 
of formation of the nervous system is characteristic of the 
vertebrates alone, except the Ascidians. Another primary 
character allying the Ascidians to the vertebrates, ia the 
prosence of a chorda dorsalis, first seen in the adult Appen- 
dioularia by J. Maller. This organ is regarded by Kowal- 
ovaky to be fanctionally, as wellas genetically, identical with 
that of Amphioxus. This was a startling conclusion, and 
stimulated Professor Kupffer, of Kicl, to study the embry- 
of the Ascidians anew. He did so, and the results this 
observer obtained led him to fully endorse the con- 
clusions reached by Kowalevsky, particularly those regarding 
the unexpected relations of the Ascidians to the vertebrates, 
and ft would appear from the fucts set forth by these emi- 
nent observers, as well as Metschnikoff, Ganin, Ussow, and 
others, thut the vertebrates have probably descended from 
some type of worm resembling larval Ascidians more perhaps 
than any other vermian type, though it is to be remembered 
that certain tailed larval Distomw: appear to possess an organ 
resembling a chorda dorsalis, and farther investigation on 
other types of worms may lead to discoveries throwing more 
light on this intricate subject of the ancestry of tho verte- 
brates. At any rate, it is among the lower worms, if any- 
where, that we are to look for the ancestors of the Vertebrates, 
as the Colenterates, Echinoderms, the Mollusks, Crastacea 
and Insects, are too circumscribed and specialized groups to 
afford any but characters of analogy rather than affinity. 

For example, the cuttlefish, with its “ bone,” brain-cap- 
wale and highly-developed eye, is, on the whole, more remote 
from the lowest vertebrate, cere nee than the Appendi- 
eularia or the larval Ascidian. 

Certain (three) species of Molgula have been found by 
Laeaze-Duthiers to have a nearly direct development, not 
producing tailed young. There is a slight metamorphosis, 
however, the young having five tomporary, long, slender 
processes. In Ascidia ampulloides the larva has a tail, no- 
tochord and pigment spots, which are wanting in the young 
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ee ee 
uous appendages observed in young Molgule. Among the 
compound Ascidians, Botryllus and Botrylloides have tailed 
young, while in other forms there is no metamorphosis, do- 
velopment being direct. 

Order 2. Thaliacea.—On the whole, wo may regard this 
order, represented by Salpa Gigs a2, oy Doliolum, a8 
comprising the more specialized forms of Tunicates. 
is pelagic, one species occurring in abundance off the shores 

of Southern New England, while 
the others mostly live on the high 
seas all over the tropical and sub- 
tropical regions of the globe. Late 
in the summer our Salpa spinosa 
of Ottocan be captured in multi- 
tudes by the tow-net in Long Island 
Sound. 

These ssn lene 
individuals, é.¢., the solitary, and 
aggregated or chain-Salpe. The 
body of the solitary or asexual 
form is more or less 
with o series of circular of 
muscles, like the hoops of a barrel, 
and situated on the inner side of 
tho outer tunic. Tho test is trans 
parent, though very thick, while 

; the onter tunic lines the cavity of 
the test as in other Tunicates. In 
:® the members of this order the oral 
* aperture of the mantle is at one 
end of the body, and the Ke 

opening at the opposite end, the minute digestive canal 
=< bat slightly curved, the body-cavity being largely oven- 
pied by the pharyngeal or respiratory aac. Moreover, the dor 
sal or hvemal side of the body is clearly distinguishable from 
the ventral or neural side, as well seen in Doliolum, where 
tho well-marked tabular heart lies above the digestive ongans, 
and is directly opposed, as in worms generally, to the nervous 
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suc into a small stomach, the intestine bending back on 
itself, and the vent being near the mouth. The entire diges- 
tive canal is immovablo, the food being driven through the 
permanently distended cavity by means of the cilia lining 
its inner surface. The great posterior blood-sinus surrounds 
the digestive system on all sides, the nutriment being di- 
rectly absorbed from its surface and mixed with the blood, 

The norvons system is, in adaptation to its locomotive life, 
more specialized than in the sessile forms, and highly spe- 
cialized organs of sight and hearing are present, ‘The heart 
is u short, complicated organ, lying in the sinus-gystem. Its 
action is often reversed ; the reversal of the beats tending 
to clear the sinuses of the blood-disks overcrowding them. 
In one species of Salpa Prof. Brooks states that the blood- 
channels are in all cases sinuses, which are parts of the body- 
cavity and have no special walls, though in species investi- 
guted by other writers there are said to be true blood-yessels, 
lined with epithelium. 

The hermaphroditic, aggrogated or chain-kalpa differs from 
the solitary asexual form in being less regularly barrdl- 
shaped, and without the two long posterior appendages of 
the latter; in the proportions of the different organs, the 
two forms are essentially alike, 

The young chain is easily perceived in tho wolitary indi- 
viduals in the posterior part of the body, curving around the 
digestive organs. When first sot free from the body of the 
solitary Salpa, the chain is about half an inch long, and the 
single, individual Salpw composing it are about two and a half 
millimetres in length. They grow very rapidly, and soon 
reach their full size, when the chains are often a foot ora 
foot and # half long; the individuals composing them when 
fully grown being about two centimetres in length. The 
chain cusily falls apart, and the individuals are capable of 
living a solitary life, Huxley stating that the chain-individu- 
als of the species observed by him were generally found suli- 
tary; for this reason we should regard the chain-salpa ox 
individuals, not zooids, being capable of leading an indo- 
pendent existence, and with a structure almost identical with 
that of the solitary Salpe, 
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Brooks has studied the mode of development of the fomale 
and male Salpa spinosa (Fig. 140). When a Salpa-chain is 
discharged from the body of the asexual Salpa, each indi- 
vidual of the chain contains a single egg which is fertilized 
by sperm-cells of individuals belonging to some other chain, 
and after passing throngh the mulberry stage and entering 
the gastrula stage, the germ is in most intimate relation 
with the body of its parent. The vuse-shaped gastrula is 
lodged ins brood-sac. Its body-cayity, originally formed by 
invagination of the ectoderm, opens directly into the sinus- 
system of its nurse, and the blood now circulates in and out 
of the primitive digestive cavity as well as around the out- 
side of the embryo. But as the embryo grows and fills the 
brood-suc, so that the outer surface of the gastrula becomes 
intimately connected with the wall of the brood-sac, the 
blood no longer bathes the outside of the embryo. 

At this time the “placenta” is formed. Brooks believes 
that it originates directly from the blood, “by the aggrega- 
tion and fasion of its corpuscles,” not being derived from any 
of the parts of the parent or embryo. Soon after its appear- 
ance it consists of an inner chamber communicating with the 
sinus of the nurse, and having no communication with any 
of tho cavities of the embryo; its cavity being a part of the 
original “* primitive stomach” of the gustrala. It finally has 
two chambers, an innerand outer one, and Huxley describes* 
the festal circulation in the placenta, a deciduous organ 
amlogous in function, but hy no means homologous in struc- 
ture, with the vertebrate placenta. 

When the embryo of the solitary Sulpa is about four 
millimetres (s4 inch) long, and while still in the brood-sac of 
the parent, the tube which is to give rise to the chain ap- 


** The blood-corpuseles of the parent may be readily 
ing the Inner suc on one side of the partition, coursing rot 


‘of the parent, enter the outer sac, circulate round it at a differer: rate, 
‘and Jeave it to enter Into the general circulation of the do: 
More obvious still does the Independence of the two circu’ 
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pears within its body. We will now briefly trace the devel- 
opment of the chain-salpa, condensing Brooks's statement. 
‘The aforesaid tube is at first simply a cup-like protrusion of 
the outer tunic into the cellulose test which now surrounds 
the embryo; the cavity of the cup is an offshoot from tho 
sinus-system, the blood passing in and out of it. A small 
bud-like protrusion now appears upon the surface of the per- 
icardium, and lengthens to form a long rod or stolon, ex- 
tending across the sinus and projecting into the cavity of the 
cup. At about this period a Jong, clab-shaped mass of pro- 
toplasm appears within each of the sinus-chambers of the 
tube, and soon after the outer wall is constricted at 
intervals, each segment being destined to form the outer tu- 
nics of the chain-salpe, the constrictions indicating the 
bodies of the latter. 

By the deepening of these constrictions, each of the 
sinus-chambers, which are diverticula from the body-cay- 
ity of the solitary Salpa, becomes divided up to form the 
body-cavities of the Salpw on one side of the chain. From 
the central tube of the stolon arises a row of buds on each 
side, which become the branchial and digestive organs of the 
Salpre on each side of the chain; while a similar double row, 
upon the other edge, gives rise to the ganglia. The club- 
shaped organs within the sinus-chambers become divided up 
into single rows of eggs, one of which passes into the body- 
cavity of cach chain-salpa at a very early period of develop- 
ment. 

Thus, as Huxley states, budding oveurs, not from the outer 
wall alone, as in Hydroids and Polyzoa, “but, from tho first, 
several components, derived from as many distinct parts of 
the parental organism, are distinguishable in it, and each com- 
ponent is the ‘ce of certain parts of the new being, and 

rof, Brooks adds that while these changes 
are going on the constrictions on the surface deepen, the 
wall protruding from them, and each is soon seen to mark 
off, on each side of the stolon, the body of a young Salpa, 
which soon becomes visible to the naked eye. They do not 
increase in size gradually from one end of the stolon or tule 
to the other, but develop in sets of from thirty to fifty each, 
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tnd the development of all which are embraced within a set 
progresses uniformly; there are usually threo of these sets 
upon the tube of an adult solitary Salpa.* 


” Tn 1819 Chamisso stated “‘that a 
Salpa mother is not like its daughter or its own mother, but 
resembles its sister, its granddaughter, and its grandmother. + 


on Salpa spinosa, those of Salensky on Salpa ie 

mucronata (a species suid to be closely allied if not identical 
with S. spinosa) According to the Russian ob- 
server, ax stated by Huxley, who adopta his conclusions, the 
chain-salpa is a hermaphrodite, and the egg while still in 
the ovarian follicle is fertilized, when the oviduct shortening 
and widening forms a single uterine sac, the maternal and 


* The Development of Salps, by W. K. Brooks. Balletin of the 
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embryonic parts of the placenta arising, respectively, from 

the wall of the ovarian sac and from certain large cells (blas~ 
tomeres) on the adjacent (hmmal) face of the embryo. Thus 
the asexual development of the Salpa is like that of the germ- 
masses destined to form the Cercaria developed in the body 
of the Redia of the Distoma; and is also like that of the 
plant lice (Huxley). ‘This is a reaffirmation and extension 
of the original view of Chamisso. 

‘To recapitulate, the life-history of the Salpa is as follows: 
There are two kinds of individuals : a, solitary, asexual ; }, 
social, aggregated, and hermaphroditic. 

(1.) The solitary, asexual Salpa produces by budding a 
chain of hermaphrodite Salpm ; the latter produce a fertil- 
ined 

(2.) Egg, which passes through a— 

(3.) Morula and— 

(4.) Gastrula stage, contained and growing fin a placonta- 
like organ, where the embryo is directly nourished by the 
blood of the parent, the embryo finally becoming— 

(5.) A solitary asexual Salpa. 

We thus have a true alternation of generations, like the 
sexless Hydroid and its sexual Medusa, the asexual Aphie 
and its last brood of males and females; the asexual Redia 
and the sexual Disxtoma; in all these cases the offspring (6) 
of the asexual individual (@) is unlike the parent, bat the off- 
spring (c) of the second generation (8) is like (@) the grand- 
parent. 

Lastly, while some true worms (¢.g., Balanoglossus), and the 
mollusks through the cuttle-fish, present strong features an- 
ticipating the vertebrate structure, the Tunicata seem mon 
closely allied to the vertebrates, particularly Amphiozus, than 
any other invertebrate type. ‘To sum up these resemblances: 
the larval Ascidian has a notochord, a spinal nerye-cord, 
and sets of spinal nerves, like those of lowly organized or em- 
bryonic vertebrates, thongh these are morphologically on the 
yentral side of the body, as in other worms; the nervous 
cavity and its mode of closure in the embryo is as in the em 
bryo vertebrate; the respiratory sac of the adult Tunicate 
resembles morphologically that of the Amphionus. Conse 
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quently, while as & matter of fact the Tunicates, as a whole, 
resemble, and as it were anticipate, the udvent of a -verte- 
brate, like Amphioxns ; a3 a matter of pure hypothesis, the 
Vertebrates may have descended from animals like Tunicates. 
But we need not on this account dissociate the Tunicates from 
the worms, remembering their resemblance to Balanoglos- 
sua, and even to the Trematodes, and place them near Am- 
phioxus and the Vertebrates in general. But we are obliged 
to leave them at this point and pass on to the consideration 
of the highly specialized worms and Mollusca, Crustacea, and 
Insecta, which are circumscribed, closed types of animals 
with possibly a yermian ancestry. 


Se uera UR ain A isrr taleting fous sixt opantng ssor ihe amehanes, 
rctagpel cg heal copoly apace, and thence owt of the 
atrial opening. Nervous ecpoeane~en 

4 


ing at each end, lodged in a sinussyitem, and its beatings often reccrsed, 
the ood flowing in and out at either end. Sezes wswally united ; in nrme 

Sorms aserual individuals ; reproducing by eggs or budding portheno- 
ec Ka amenn 


(cna Bien a 





connection with the living more or Jess transparent animals, 


Crass VIL—Newentrxa (Nemerlean Worms). 


Gonoral Characters of Nemerteans.—The Nemertoan 
worms occur abundantly under stones, eto,, between tide- 
marks and below low-water mark ; they are of yarions col- 
ori, dull red, dull green and yellowish, and are distinguished 
by the soft, very extensile, more or less flattened, long and 
slender body, which is soft and ciliated over the surface, 
the skin being thick and glandular. A few forms, such as 
Prorhynchus (Fig. 141), live in fresh water. 

The mouth forms a small slit on the ventral surface fm- 
mediately behind the apertnre for the exit of the proboscis. 
‘Tho axsophagus leads to a large digestive tract, ending po 
toriorly with an anus, and often with short lateral pouehor 
or omea. 

The nervous system is quite simplo, consisting of twe 
ganglia in the head united by a double commissure; from 
each ganglion a thread composed of nerve fibres and ganglion 
colle passes back to the end of the body. 

Whilo the Nemerteans are much like the flat worms, 
most of them approach the Avmulata, such as the darth 
worm, in their highly complicated cireulatory system, which 
is composed of a series of closed contractile vessels. Thert 
are threo great longitudinal tranks, one median and two 
lateral, and connecting with each other, ‘The blood is col 
orloss, with corpuscles. Another feature churacteristic of 
iwny Nomertoans is the “proboscis,” nothing like it being 
found In other worms. Along the back of the head-end ir 
« special museular sheath containing the complicated probor 
oly which ie extended through a pore situated shove the 
wouth, ‘The sheath contains a corpusculated fluid, ani 
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side of the base of the velum () of the Pilidiam 
pear two thickenings of the skin, one pair in 
the other behind; these thickenings push inwards, 
are the germs of the anterior and posterior 

future worm. ‘The anterior pair become 


grows smaller, and only a 

narrow slit remains. The 

disks now divide into two 

layers, the outer much 

thicker than the inner. 

Soon the anterior pair of 

disks unite, and the head 

of theworm is soonformed, 

when the elliptical ontline 

by Feowieg ink, of Semer- of the flat worm is indi- 

the Nemertesn worm — cated, and appeara some 

what a3 in Fig. 142. The 

yolk mass, with the alimentary canal of the Pilidiam, 

is taken bodily into the interior of the Nemertes, the 

Pilidium-skin falls off, and the worm finally seeks the 
bottom. 

The free-swimming larve of other Nemerteans are very 
closely similar to those of the Annelids, #0 
that from this fact and the nature of 
highly developed circulatory system, 
Nemerteans have been removed from 
neighborhood of the flat worms, and 
near the Balanoglossus and 
well as the leeches, 

Yel tin Order 1. aes et 

ay bosois is without a sty’ 

ne Lineea wa Mec oa in 

yory long, Meckelia ingens Leidy centimetres 
inch) wide, and attains a length of 4 metres (10$ 





lives under stones at or below low-water mark on the comet 
of New England southwards to South Carolina. 

Order 2. Enopla.—In the members of this greep the 
proboscis is furnished with a style. Representatives of the 
order are the species of Tetrastemma (T. serpentine 
Girard, Fig. 143) and of Nemertes. The former is a litthe 
yellowish worm, common under stones on the comt of New 
England between high and low-water mark ; it haz s slightly 
marked head with four dark eye-specks. 


Ctass VII_—NEMERTIN 4. 

Body ribonlike or eylindrical, soft, extensible, riliated <xtermaly. ith 
1 prrobescia in a sheath opening by «pore ettwated abece the muna Cr. 
culatory system approaching that of the Annulata Serwmal eryeme Got 
lene anes; either with or without a metamorphenia 
Order 1. Anopla,—Proboscis without « style, (Lineas, Mechelle 
Order 2. Bnopla,.—Proboscis with a style, (Semeries, Mallamobdinllie ) 


Crass VITL—Enstenopsxveta ( Whale's-fompae worms) 


General Characters of the Enteropnessts—Thy =» 
markable worm, Balanoglonrus (Fig. 144), the type of thir 
lass, combines characters peculiar to itelf, with foatone 
Cee ee an, Tanke, and 

vertebrate Amphiorus, while ite frne-ewimming 
ana its history was known, was seppeed to be « 
young Echinoderm. It is therefore, like scene wther worms, 
ernie, 
aurantiacus (Girard, 146) 
Oca a ac aaa a tala 
with a large, soft, whitish 





which is digestive, and leads directly to the intestine behind. 
‘This pharyngeal respiratory portion of the digestive canal has 
on each side, in each segment, a dorsal sac, the two commu- 
nicating along the median line of the body. The dorsal r- 


throngh 
the mouth into each gill-sac, and ont by the spiracles, No 
nervous aystem has yet been discovered. There is a dorsal 
vessel, which sends branches to the respiratory sacs, and a 


aN 
we 


of this worm is most interesting. ‘The 

young, originally described under the name of 
‘ree supposed to be an Hichinoderan latvay thous Se giaty 
resembles the larval Gephyrea and Annelides, It is w trims 
nt, minute, ciliated, slender, somewhat n 
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pairs with their external slits arise, somewhat as in Ascidians, 
The entire Tornaria directly transforms into the worm, the 
transitional period being very short. The body lengthens, 
the collar and proboscis develop, and the worm eventually is 
as seen in Fig. 144; afterwards the body lengthens, the end 
tapering and becoming much coiled. 


‘Ciass VIIL—ENTEROPNEUSTA. 


Footleas, amoothbodied worms ; with no bristies, a large exserted eoft 
Seahy proboscis ; breathing by a series of dorsal respiratory sacs opening 
into the digestive canal, and communicating externally by spivactes ; with 
@ metamorphosis, (Balanoglossus.) 


Crass IX.—Gernrnea (Slar-worms). 


General Characters of the Gephyreans.—The most acocs- 
sible type or representative of this small but interesting group 
of worms is « large, smooth, cylindrical worm from six to 
ten inches long, which is common in sand or sandy mud at 
low-water mark. It ix the Sipunculus or Phascolosoma 
Gouldii Diesing, and from its abundance and large size, as 
well as the ease with which it can be preserved in spirits, is an 
excellent subject for the laboratory, serving as an example of a 
very aberrant typo of worm as compared with the earth- 
worm, or with a Nereis, The body is as smooth as a pipe- 
stem, and about that size, unarmed, with a circle of numer- 
ous small, slender, simple tentacles around the mouth. On 
laying open the body from the head to the extremity (Fi; 
146), the body-walls are seen to be lined with fine lon, 
tudinal flat muscles, with two unequal pairs of large wh 
retractor muscles, the anterior third of the body being 
highly retractile, The intestinal part is found to float free- 
ly, though anteriorly attached to the walls by « fow mu 
lar threads, in the eapacious body-cavity, and is usual 
of fine mud. The esophagus ix long and slender, sity 
between the shorter pair of retractor muscles ; behind the 
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but there is no true 


cont 4 feraiantal organs the Tong, each uniting with the ventral 
Nuturat ‘ses ‘Dewn ey Kings. vessel. ‘The blood ts pale z 
id lowish, with corpuscles, 

blood-system of the Gephyrea, then, is homologous with 
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near the mouth. The umbrella ix gradually withdrawn into 
the mouth, so that eventually only a crown of short tooth- 
like projections surrounds the mouth. Finally the whole 
umbrella is swallowed, the arms at the end of the body dis 
appearing, while the end of the intestine projects far out 
from the body behind the mouth, By this time the Phoni- 
nis form is clearly indicated, the body being long and alen- 
der and the mouth surrounded by a crown of short tentacles, 
the end of the intestine being entirely withdrawn within the 
body. These changes are rapidly effected. The larva of 
Eechiurus is formed on the Annelid type. 

In Phascolosoma camentarinm (Quatrefages), the body ix 
much shorter than in P, Goul- 
dij ; the worm lives in compara- 
tively deep water (10 to 50 fath- 
oms), in dead, deserted shells, 
building out the aperture by 4 
conical tube of sand. In Sipwn- 
culus (Syrinx) the tentacles are 
fringed or lobed. It does not 
occur in American waters. 

In Echiurus tho intestine ends 
at the end of the body, and there 
is a circle of bristles at the poe 
terior end, while Bonellia diffors 
in having an enormous proboscis, 
and only « few bristles near the 
head. In Bonellia viridis Rol. 
of the Mediterranean (Fig. 147), 
the proboscis is deeply forked; 
the intestine is very long, convo- 

Vig. r—Bondtia vtridu: the Mted, and into the cloaca emply 
‘ nt several times. p. two excretory Organs. ‘The ovary 
Ggenive is a cord-like organ, which im the 
| posterior part of the body is fast 

“xier ened to the intestine. 
Chatoderma nitidulum Lovin 
oooure in 20-40 fathoms off the coast of Earopo anil 
Northern Now England. ‘The body is long, cylindrical, and 





covered with slender, firm, calcareocs spies «(t hur no 
tentacles, a straight digestive canal, the vent bemg terminal, 
and two internal gill-sscs, with lamellate =e 

Instead of a single nervous cord, a+ aszal m the Gepbyree, 
in Chatoderma there are two separate merve-comds, wae <= 
cach side of the body. The Gephyres were fermetiy ane 
ciated with the Echinoderms, but the reeabianor i eaby 2 
superficial one. 


Cusse IX—GEPHTRES 
Booty tong, cptindeseal, rmeth.  eping. of Proewtnd CA ion wo 
Pemtems; et 
eiteated doreaily on the exterior cud of Ge tutg A 
true bleod-rystem Aomelngeus with that of thr Asssdete Blaeueal 
Pig ere young of the Aanslad typ, undrrpeing 6 metimerzhin 
i (Chetoderma, Phascolesoaa Spencalus Banelia Eciecmus end 


Laboratory Work—The cxmmen manwern, Piemdcemes ie ome 
of the easiest worms to dimeect, as fh cus be readily eké open with: 
the scissors, and the skin pinned dows on the becsems af the Gemeeting 
trough, when the parts cam be readily Geta rushed i rami berg 
unusually simple. 


Crass X.—Assciara (Locher, Zarth-corme, cod 
Sea-werms). 


General Characters of the Annulsts —This cocp, ory 
resented by the leeches, earth-worms, and mereide cr bested 
sea-worms, tops the series of the chases of worms, ani om 
ica aaa 
sonse-orguns and highly differentiated sppenduem cont 
nearer the Crustacea snd Inseeta than any ether clus af =~ 
being nearly as complicated. 

Reference to the scccanpanying Gagre= (Fig. 164) 2) 
show the general relation of the exzune of a= Asaeit w the 
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The student, in familiarizing himself with the structure 
and mode of growth of the leech, the common earth-worm 


Ampbioxas, and * higher tostatente 


art et meet fe pel oe 


and the Nereis, will obtain a good idea of the essential char- 
acteriatics of the entire class. 

Order 1. Hirudinea.—In the leech (Fig. 149), Hiruds 
medicinalis Linn., the type of the first and lower order, the 
body is somewhat flattened and divided into numerous short, 
indistinctly marked segments, not bearing any bristles or 
appendages, The head is small, with no appendages, bear- 
ing five pairs of simple eyes, while each end of the body ter 
minates in a sucker. The mouth is armed internally with 
three pharyngeal teeth arranged in a triradial manner, 20 
that the wound made in the flesh of persons to whom the 
nee: is applied consists of three short, deep gashes 

a common centre. The stomach (Fig. 150) is lange, 

large lateral diverticula or lobes, while the intestino is 

|. The nervous system consists of a “brain” and yen- 
tral ganglionated cord, 

‘The vascular system is complicated, consisting of a median 
dorsal and a ventral vessel, and two lateral vessels ; all theas 
anastomose or interbranch, and the blood which courses 
through them is red, but is said to contain no corpuscles, 

The segmental organs, so characteristic of the Anmulata, 
aro well developed in the leech, consisting of about seventeen 
pairs of tubes opening at one end at regular intervals on the 
under side .of the body, and ending in a non-ciliated coil 
(Big. 149, r) in the leech, or in the amaller fish-leech, Olep- 
sine, open into the venous sinus by ciliated, open mouths, 





ANATOMY OF THE LERCH, 


vetiged 


a P segmencal OrpaRs 5 
$s sonpling onan st, onl 
riaatic cord 
tavarien; 14 ead of ots 


ive eanal of the samo ; a, 2, 3, 
‘and ip lateral Foes or cca: ae 
conea which extend eg each ade 
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ete., a3 well as over the ground, by minute, short, curved 
sotw or bristles, which are deeply inserted in the muscular 
walls of the body, and arranged in four rows along each side 
of the body. The alimentary canal is straight, the stomach 
has three pairs of small lateral blind sacs (ewen), and the 
intestine, which is externally tubular, contains a thick inter- 
nal sac-like fold called a fyphlosole. 

The segmental organs are highly convoluted tubes, a pair 
to each segment of the body, except a few near the heudl, 
and opening internally with ciliated funnels and externally 
in minute pores situated along the under side of the body. 
‘The carth-worm is monaecions (hermaphroditic). 

The oviducts open in the fourteenth segment, and the 
seminal ducts (asa deferentia) in the fifteenth. Between 
the ninth and tenth, and the tenth and eleventh segments 

four openings of the seminal receptacles (receptacula 
Pairing is reciprocal (see Fig, 151), each worm 
‘ing the eggs of the other; they pair in June and Jnly 


inthe night-time. ‘The eggs of the European Zambricus 
in dung, a single egg in 


ront, except that the body is shorter and 
number of segments, 

While the ecarth-worms are in the main 
their habit of boring in the soil of 
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lands, bringing the subsoil to the surface and allowing the 
air to got to the roots of plants, they occasionally injure 
young seedling cabbage, lettuce, beets, etc., drawing them 
during the night into their holes, or uprooting them. 

The next and highest type of Annulata is the common 
sea-worm of our coast, Nereis virens Sars. It lives between 
tide-marks in holes in the mud, and can be readily obtained. 
The body, after the head, eyes, tentacles and bristle-bearing 
feet have been carefully studied, can be opened along the 
hack by a pair of fine scissors and the dorsal and ventral red 
blood-vessels with their connecting branches observed, as 
well as the alimentary canal and the nervous system. 

The anatomy of this worm has been described by Mr. F, 
M. ‘Turnbull. It is very voracious, thrusting out its pharynx 
and seizing its prey with its two largo pharyngeal teeth. It 
secretes a viscid finid lining its hole, up which it moves, 
pushing itself along 


by its bristles and 
ligule. At night, 
probably during the 
breeding senson, 
they louve their 
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has been separated from the others. For the finer structure 
of the body-walls see Fig. 152, 

‘The alimentary canal consists of a mouth, a pharynx 
armed with two large teeth and much smaller ones. The 
phurynx is entirely everted during the act of taking its food, 
Into the wsophagus empty two large salivary glands; the 
remainder of the alimentary canal is straight and tubular, 
‘The circulatory system is very complicated ; it is closed and 
the blood is red. Both the dorsal and ventral vessels are 
contractile, the blood flowing forward in the dorsal vessel, 
and backward in the ventral vessel. The two small vessels, 
one on each side, in each segment of the body, branch off 
from the ventral vessel and subdivide, each sending a branch 
to the ventral ramus of the foot of the segment behind, and 
another larger branch around the intestine to the dorsal yee- 
sel, receiving also, on its way, a vessel from the upper ramus 
of the foot of its own segment. ‘ Besides these principal 
luteral vessels, there are five other vessels on each side 
in each segment, coming from the ventral vessel. "Thess 
form # loose but regular net-work that surrounds the in- 
testine and is connected with five other convoluted vessels, 
which join the dorsal vessel. ‘This net-work on the intestine 
probably supplies the hepatic organ with material for its 
secretion, and very likely may receive nutritive material from 
the digested food.” (‘Turnbull.) 

‘The blood is aérated in the finer vessels of the oar-like feet 
and in those situated about the alimentary canal. Tho 
nervous system consists of the “brain” and ventral double 
ganglionated cord. 

The sexes of Nereis virens are separate; the eggs daring 
the breeding season fill the body-cavity, and) past ont through 
certain of the segmental organs, which act as oviduets, while 
others, probably the more anterior ones, are excretory, like 
tho kidnoys of vertebrates, as urea has been detected in them. 
‘These organs are situated at the base of the lower ramus of 
each foot. In some species of the Capitelléda Hisig has found 
that it is normal for several segmental bein ln present 
in asingle segment. 

While the mode of development of our Nocoia, has "not 
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been atudied, tho oggs are probably laid in masa betwoon 
tide-marks, and the young, when hatched, swim freely on 
the surface of the sea. The eggs of other worms are carried 
about in lateral pouches. The germ undergoes a cleavage 
phase and a gastrula stage. We have observed, in Salom 
harbor, the development of Polydora (probably P. ciliatum 
Clap.) which may be found in August, in all stages, on the 


cartleat obacrved stage of 3 Chana 
wee Sie stage of Pedydona; Fi, Cepualals tage 5 Da 


surface of the water. When first observed (Fig. 153, A) the 
body was spherical, with a short, broad intestine, and two 
etx of large locomotive bristles. It then passed into the 
cephalula state, the head clearly indicated and forming a 
hood. This stage is seen at B, which represents the 
under side of the cephalula, the mouth being situated be- 
tween the two large ciliated flaps (like the velum of lar 
mollusks) of the hood; the body is now segmented, w 
third set of bristles and a band of cilia on the penulti 
segment; afterwards as at 0, dorsal view, addition: 
are present ; the eyes are distinguishable, and the 
more sets of bristles, ‘The new segments are, as usual 





close in-and-in breeding is prevented, 
Certain Annelides sometimes multiply by self-livision, the 
process being called sérobilation. ‘This is commonly observed 





BUDDING OF ANNELIDS. 235 





in the fresh-water worm Nais, also in Syllis and Myrianida, 
as well as in Filograna, Protula, ete. Autolycus, a com- 
mon worm on the coast of New England, produces one gen- 
eration by budding (parthenogenesis). There is, in fact, an 
alternation of generations, an asexual Awfolycws, giving 





Pra. 184, 
Pea, 197 

Fig. 196—~ torqwata.—A free Verriit 

Vig. 137, —AmpAitrite cierota, eularget 0, branche ; ¢, enetnl, entered 10 


Sameters.—After ¥ err. 


rite to # brood of males and females, the eevual 
forms being s0 unlike each other as to have } 
for different species and even genera. 

In Syltis and allies certain long, slender proc 
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on the coast of Brazil. The minute nantilus-like 
shells of Spirorbis live attached to the fronds of sa-weeds, 


Many sca-worms are highly phosphorescent,the light emit- 
ted being intensely green. The tracks of worms like the 
Nereis of to-day occur in the lower Silurian slates; their 
bristles, however, wore spinulose, as in the larval worms. 
Thus the type, though highly specialized, has, unlike most 
specialized groups, a high antiquity, the specialized Anac 
lides existing side by side with the generalized Polysoa and 


exceedingly abundant among coral stocks and in por 
while the arctic seas abound with Annelid life. “ 
paringly exist at great depths, one species of a worm allied 





to Clymene, having been dredged by the Challenger Exped) 
tion at the enormous depth of over three miles (about 5000 


appendages (rami). Head simple, with a few nimple 
egies, or provided with tentacles (antenna) alone, or with tentaclesand bran- 


situated in the last segment of the body. Nereous aystem welt developed, 
consisting of a brain and ventral ganglionated cord, Clreulatory sytem 
closed, with a dorsal and ventral and lateral pessele connected by anasto. 
moving branches in nearly exch segment. A ayetem of numerous paired 


aimorphosis, the laroe passing through a trochosphere and eephalula 
age. 


Order 1. Hirudines.—Body anarmed, fincly segmented ; with » por 
terlor sucker. (Hirudo, Nepbotis.) 


Order 2, Annelidee,—Suborder 1. Oligoehata (Lambricus, Nais), Sub 
order 2—Chatopoda (Arenicola, Syllis, Autolyeus, Apkro 
dite, Polyno®, Amphitrite, Tervbrella, Sabelia, Serpals, 
Spirorbis). 

TABULAR VIEW OF THE CLAssEs OF Worms (Vemrns), 
Annulata, 


Brachtopeda, 
Entoropnewata. | Pe 1S 
| Gephyrea, R 
Tunicata, if 


sans | Nesnatetminthes. 


—- 


‘ences, 
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Work,—Worma sbould be dissected at once after be- 
ing killed by ether or tn alcohol, before the circulation has ceased ; 
and transverse sections made to observe the relation of the appendages 
to the bedy-walls, and of the different aystems within the body-walls. 
‘The worms should also be hardened is alcohol, and thin sections 
stained with carmine be made for hiatological study. A portion of the 
worm ean be put in paraffine and sliced by hand with the razor or by 
‘the microtome. 





CHAPTER VI. 
BRANCH VIL—MOLLUSCA, 


General Characters of Mollusks.—The characters which 
separate this branch from the others, especially the Ferme 
are much less trenchant than those peculiar to other 
of the same rank, and indeed the author only 

to 


originally placed by Linnseus, 
relation to the true worms as 


eata, the Brachiopoda, etc. Tt will be soen from 

lowing secount of the mollusks, that they travel along, appar- 

ently, the same developmental road as the genuine worms, 

and then suddenly diverge, and the divergence ix not an ad- 

vance in a parallel direction, but if anything the road turns 
k, or, to change the simile, the branch of the 


rms like the oyster, etc. The Mollusca are 
usually defined as animals with laterally symmotrical, 
jointed bodies protected by a shell, with a foot or i 
disk, and nsually with lamellate gills, which are folds 
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the odontophore or lingual ribbon, often absent, is appar- 
ently a modification of the pharyngeal teeth of Annelides. 
Mollusks in general have a heart consisting of a ventricle 
and one or two auricles, and in this respect they are more 
like the Vertebrates than other invertebrated animals; the 
highly developed eye of the equids and their imperfect car- 
tilaginous brain-box are also special characters analogous to 
the eye and brain-box of Vertebrates, Still these features 
are not homologons with the corresponding parts in the 
Vertebrates, and we have already seen that the Twnicala, 
and even the Annelides, are much more closely allied to the 
Vertebrata than are the Mollusks, which should, perhaps, 

interpolated between the Brachiopods and Tunicates. 
The affinities of the Mollusks are, then, decidedly with the 
worms, rather than with the Vertebrates. 


begun to decay and die out as a type; 

the shelled Mollusca supplanted the shelled Vermes or Brachi- 

opods. For the upper Silurian period, and those later, the 

Mollusks prove useful as geological time-marks, especially in 

the Oainozoic period, and so much so that Lyell based his 

divisions of Tertiary time mainly on the shells which abound 
strata, 


Although morphologically the shell of a Mollusk is not 
the most important feature of the animal, it is very charac- 
of thom andof great use in distinguishing the species 
but more especially of fossil, forms; still it is 
to great variation, and mollusks of quite differen 
and evon orders, sometimes have shells much alike, 
the characters of shells, like many of those drawn 
ipheral parts of the body, are liable oftentimes. 
the stndent. That the Mollusca are a highly 


i 


FF 


re 


EE 
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specialized group, in the number of species and’ indi- 
viduals, 


CLASS L—Lawetisrasouiata (Acephala, Bivatees). 


General Characters of Lamellibranchs.—This group is 
represented by the oyster, clam, mmnasel, scallop, 
etc. By a study of the common clam (Mya arenaria Linn.) 
one can obtain a fair idea of the anatomy of the entire class, 
as it isa homogeneous and well-cirenmseribed group. ‘The 
clam is entirely protected by a pair of solid limestone shells, 
connected by a hinge, consisting of a large tooth (in most 
Divalves there are three teeth) and ligament (Fig. 161 0 1). 
The shells are equivalye, or with both valves alike, but not 
equilateral, one end (the anterior) being distinguishable from 
the other or posterior, the clam burrowing into the mud by 
the anterior end, that containing the mouth of the mollusk. 
The hingo is situated directly over the heart, and is there 
foro dorsal or hamal. On the interior of the shells ars 
two round muscular impressions made by the two 
muscles and the pallial impression, parallel to 

Il, made by the thickened edge of the 
opening the shell, by dividing the two 


ihe low rger being i Tak of aie 
laden with minute forms of life passing into it, Each: orifice 
is surrounded with a circle of short tentacles, ‘This siphon 
protrides through a slit in the mantle-edge, and is very ex 
tonsible, as seen in Fig. 161, 4; it is extended, when hi 
clam is undisturbed, from near the bottom of ite hole 

level of the soa-bottom. Tn the fresh-water munil ( 

Fig. 162) the two siphonal openings are above the level of 
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the sandy bottom of the water, 


ing its way through the 
sound with its tongue- 
shaped foot, which is a 
muscular organ attach- 
ed to the visceral mass, 
and is a modification 
of the under lip of the 
larval mollusk. In the 
foot is an orifice for 
the passage in and out 
of water, and the spurt- 
ing of water from the 
clam’s hole, observed 
in walking over the 
flats, is the stream thus 
ejected from the foot. 
Tho inflowing currents 
of water pass from the 
fnner ond of the mua- 
cular siphon below the 
lenticular visceral mass 
to the mouth, which is 
situated ut the anterior 
end of the shell, oppo- 
site the siphon. The 
opening is simple, un- 
armed, withont lips, 
and often difficult to 
detect. On each side 


{| 


\ 


c 


“ta 
[«\ 


when the mussel is plough- 
B A 


— Pe 





a tubular stomach and intestine, the latter loosely coiled sev- 
eral times and then passing straight backwards along the dor- 
sal side under the hinge and directly through the ventricle of 
the heart, ending posteriorly opposite the excurrent division 


anorthite love Of erevrbctisa ater arse,” ek the ohondl penies 


of the siphon. Throngh the visceral mass passes a curious 

slender cartilaginous rod, whose use is unknown, unless ithe 

to support the voluminons viscera. ‘The gills or branchim ar 

four large, broad, leaf-like folds of the mantle, two on a side, 

hanging down and covering each side of the visceral mam 

(Fig. 161, D, a). ‘The heart (Fig, 163) is contained in @ deli- 

cate sao, called the pericardium, and is site- 

ated immediately under the hinge ; it consists 

of a ventricle and two auricles ; the former if 

easily recognized by the passage through it of 

the intestine (Fig, 161, D, y), usually colored 

dark, and by its pulsations ‘The two wing 

© auricles are broad, somewhat trapezoidal 

form. Just behind the ventricle is the se 

galled “aortic bulb.” ‘Phe arterial system i 

quite complicated, as is the aystem of venous ove 
can be beat studied in carefully injected specimens. At the 

tise of the gills, however, is tho pair of Jaca Sola 

branchial veins. ‘Tho kidney, or “organ of 
large dusky glandular mass (Fig, 164, 4) lying bow Sa 
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‘The ovaries or testes, as the sex of the clam be, sre 
bilaterally symmetrical, blended with the wall of the viseo 
ral or liver-mass, and are yellowish. The genital openings 

t 


Fig. Soh Hexvona exeiaes ¢ ot tho clam, natnral sis, a 
“ Re a Cerny 
Splanchuve gunel 
- mito DOFYOS | wi DETYeS OO Ie 


are paired and lie near the base of the foot. Both eggs and 
zemen arise from the epithelium of the sexual glands, ‘Ths 
ges pass out into the body-cavity, or accumulate between the 
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mia the shell is inequiluteral, one, usually the lower, being 
fixed to some object, and the intestine does not pass 

the ventricle; in Arca the ventricle is double. In Luctna 
and Corbis there is but one gill on each side, and in Pecten, 
Spondylus and Trigonta the gills are reduced to comb-liks 


@. mantle: 6, toot: 


Erne veut gy Dal ‘ar vinceral tain tone gtd, 


rou) Brobms ™ 


ea. Thore are usually no eyes present; in the scallop 

n), however, there is a row of bright shining eyes 

rith tentacles along the edge of the mantle, and contrary 
to the habits of most bivalves, the scallop can skip over the 
surface of the water by violently opening and shntting its 
shell.  Trigonia is also capable of leaping @ short distance ; 
i nu active flyoror lenper. Ostrea and 

hile many mollusks are monmelous or 

The foot varies much in form, in the 

mussel (Mytilus, Figs. 168, 169), Pinna, Oyclocardia (Car- 
dita) (Fig. 170), and the pearl-oyster it is Anger-shaped and 
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grooved, with a gland for secreting a bundle 
byseus, by means of which it is anchored 


Fro. 108, 
common mussel, with [te phone expanded, and anchored 
nocanpila, nataral siee.—After Moree, 


171 A, Venus mercenaria), 


Mutinia (71 By and Chidiophora (Fig. 172) is large, these 


wmeria (Fig. 173) tho fringo is toothl 
oyster, In Mfactra (Fig. 174) the middle tooth is large, 
ae 
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corresponding cavity large and triangular, In Sazxioava and 
Panopwa (Fig. 175), the pallial line is represented by a 
row of dots. In Macoma (Fig. 

176) the siphons are very long. 

Lithodomus, the date shell, 

one of the mussels, bores into 

corals, oyster shells, etc. ; the 

common Saricara excayates 


stone, a8 does Gastrochana, 
Pholas and Petricola, Many boring Lamellibranchs ure 
said to be luminous, 


Fig. 172 —Olycimeris etligua, natural aise, —ARer Moree, 


A very aberrant form of bivalve mollusk is Claeagella, in 

yhich the shell is oblong, with flat valves, the loft cemented 

The tube is cylindrical, 

above and ending below in a disk, with a minute 

re, and bordered with branching tubules, In 

‘um, the watering-pot shell, the mall bivalye shell 

is cemented to the lower end of a long shelly tube, closed 

below by a perforated disk like the “rose” of a watering- 
pot. 

The most aberrant Lamellibranch is the ship-worm, Tereds 

179). ‘This species is now cosmopolitan, 

s the hulls of ships and the piles of 

It is one of the most destructive to human inter 

ests of all animals, ‘The body is from one to two feet long, 

slender, fleshy; it lives in a burrow lined with limestone, 

while the shell itself is globular, and lodged at the farther 
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threo yoars in attaining its full growth, but is able to propa- 
gate at the end of the first year. 

The development of the cockle (Cardium pygmaum), is 
better known. After passing throogh a morula and gastrala 
stage, the embryo becomes ciliated on its upper surface and 
already rotates in the shell. On one side of the oval em- 
bryo is an opening or fissure, on the edges of which arise two 
tubercles which eventnally become the two ‘‘sails” of the 
yelam, The noxt step is tho differentiation of the body 
into head and hind body, é.¢., an oral (cephalic) and postoral 
region. Out of tho middle of the head st single very 
large cilium, the so-called flagellum (Fig. 177 4, fl; v, 


im, of the cockle shell \Cantivm). A, the ‘ 
SE yA RR gear te 
‘ei, amuses { , nervous gangllon.—-After Loven, 

yelum). The shell (2, sh) and mantle (mé¢; mi, muscle) 
now begin to form. From -the inner yolk-mass are developed 
the stomach, the two liver lobes (/f) on each side of the 
stomach (f), and the intestine (i). The mouth (m), which 
is richly ciliated, lies behind the yelum, the alimentary canal 
ia bent nearly at right angles, and the anus opens behind and 
near the mouth. The velum (Fig. 177 B, v) 

tutes the upper lip, while a tongue-like projecti 


univalyes, but the hinge and separate valves are indicate 
‘Wry carly in the Lamellibranchs, At the etage represented 
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segmentation of the 180 A) passes through a 
ee eae mar five days 


Fig. 17%—The Ship-worm. ¢, siphons; p, pallets; ¢, collar; #, wbell; J, foot, 


mas halt the germ appears as in Fig. 178, B, the shell 

the larva, Soon after this the yelum 
eon, and then decreases, the gills arise, the audi- 
tory mes dovelop, the foot grows, though not reaching to the 
edge of the shell, and the larva can still swim about free in 


Fa 


thinks it seeks the piles of wharves a 
into which it bores and completes i 
On the coast of New England the ship-worm 


ye ¢ggs in May and probably through the summer, 


a 
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Crass I—Crrnaroruona (Whelks, Snails, etc.). 


Gonoral Characters of Cophalophoros.—We now come to 
Mollusca with a head, distinguishable from the rest of the 


body, benring oyes and tentacles ; but the bilateral aymmetry 
of the body, so woll marked in the Acephala, etc., is now 
in part lost, the animal living in a spiral shell ; still the foot 
and head are alike on both sides of the body; while the 
foot forma large creeping flat disk by which the snail glides 
over the surface. Moreover, these mollusks have, besides 
two pharyngeal tecth, a lingual ribbon or odonfophore. In 
4 thelless land-snail (Onchidium) Semper has discovered the 
existence of dorsal eyes, constructed, us he claims, on the 
Vertebrate type. They are in the form of little black dots 
seattered over the back of the creature, and their nerves 
arise from the visceral ganglion. Familiar examples of the 
Cephalophora are tho sca-snails, the sea-slugs, and the 
genuine air-breathing snails and «luge. 4 
Order 1. Scaphopoda.—a very aberrant type of thi 
is Dentalinm, the tooth snail, common in the « 
ten to forty fathoms deep, on our coast. It i 
sender tooth-like shell, open at both ends, while 
husno head, eyes, or heart, and the foot is trilobed. Owing 
lio presence of a lingual ribbon, we would retain it in the 
present class, though it isa connecting link between this and 
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the preceding class, and is, by some authors, 
the type of a separate class (Scaphopoda). The 


e¢ 
he 


a dees. 
vopbine Riga vipa mala aie a epemaed erect on lver ("3 toe 


Dentalium are distinct. The young isa trochosphere and 
afterwards becomes segmented, and the uniyalye 
shell then appears. (Fig. 182.) 
Order 2. Pleropoda.—In these 
head is slightly indicated and the eyes ar 
entary ; while they are easily recognized by 
ring-like appendages (epipodiun), ane 
ide of the head. ‘The shell is conical 
ke. ‘The species are hermaphroditie. 
Cavot va tridentata Lamarck and Styliole vitres 
Verrill (Fig. 183) are pelagic forms, occurring on 
me aaes: the high seas, and are occasionally taken with the 
fom" Used ss tow-net off the southern coast of New England, 
Rel stesres. Limacina arctica Fabr, is of the size of, and 
looks like, a sweet pea, moving np and down in the water, 
It is common from Labrador to the polar regions. 


i 





Eg 
iM esrere 
i 


from Labra- 


like, segmented, Pteropod larva, the adult of which is 
unknown. In other genera the larva are annulated, resem- 
bling the larva of Annelides. 
‘The Pteropods are, in some degree, a generalized type. 
They have a wide geographical distribution and 
a high antiquity; forms like Civolina, vi 
Theea, Conularia, Tentaculites, Cornulite 
eto., dating back to the palmozoie formation ; 
‘Theca-like forms (Puyivnculus and Hyolithes) 
occurring in the primordial rocks. 
Order 3. Gastropoda.—This great assemblage 
of mollusks is represented by the aca-lage, 
limpets, whelks (Figs, 185-188), mail 1 
Ing. 164-—Mero- slugs. ‘The head is quite distinct, bear 
= und sometimes, as in the land-snails, 
of tentacles, with eyes either at the bases, or at the 
the tentacles, or, ag in Trivia californica (Fig. 18 
are situated on projections near the base of the 
All the Gastropods move or glide over the eurface by the 
broad creeping-disk, a modification of the foot of the clam, 
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ete. The head is alike on each side, but posteriorly the boly 


Pres, 287, 


Pig. 1A Whelk. Fwcelnum eretaonim, Tabesdor, 
Fig, AA Whelk, Busctaus cilatum After Monee 
Pig, 1k; —Sroméns pupils. West Indies.— 


From Teunen’e Roeleey. 
Pig. 1.—Pelican’s Poot, Aporrhais ccekdantalie "Sortbern ‘England 
Afver Moree. 


Fw, 198, 
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is, in those species eee a ee 
aieesleeeeyen a emorege th rare 
apex of the shell, In the Nndibranchs (Figs. 195, 197), and 


‘The digestive tract is doubled on itself, the 
vent ending on one side of the mouth. In 
some Nudibranchs the intestine has numerous 


snails (Pulmonata) the air is breathed directly by a lung-like 
gill in a mantle-cavity, The kidney is single. The sexes 
are either distinct or united in the same individual. 

An excellent idea of the structure of a typical Gastropod 


dust, te} 

‘The animal should then be placed in a dish of salt water, 
‘and its movements observed. There are but two short, 
broad, flattened tendrils, situated on a flap or bead-lobo 
(prosoma) of the mantle or body-walls, No eyes are present 
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tle on the left side of the body behind the head. In a large 
Lunatia it is an inch long, with a vein at the base, the gill- 
lobes arranged like the teeth in a comb. A smaller, much 
narrower lung lics within and parallel to it. The ovury is 
situated near the stomach, the ovi- 


duct ending near the vent. 
‘The eggs are laid in capsules (Fig. 
100, Purpura lapillus and two ogg- 
capsules) of yaried form attached 
to rocks or, as in 7rochus and the 
20 Pezere ml ts su 


Nudibranchs, in masses of pA 
tached to sea-weeds or stones, 
Asa type of the mode of devel- 
opment of Gastropods may be cited roy aa 
nensis, represented in our waters by Calyptraa striata Say 


sof Cues toot #90 Te peian sm snouts i; esteem 2A, 
wot, Cohipiren tther ndvanced. maul: ep ratem: fot 


fair 42, pelitive kédaey ; 4, od ents on 
to Salonsky, after segmentation of the yolk 
into eight cella the first four cells or “spheres of segmenta- 
tion” subdivide, enclosing the yolk-mass, and constituting 
the ectoderm or outer gorm-layer, the yolk-mass forming the 
eniloderm. ‘Tho cells of tho outer germ-layer multir 
form the blastoderm, from which the skin, mantle, 
Yernal organs, 12 well 2 the walls of the mouth, arise. The 
* primitive” month of the gastrala is formed by the invagi- 
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‘The Nadibranch mollusks, such as the Holis and Doris and 
allied forms, breathe by external gills, arranged in bunches 
on the back, as seen in Fig. 195, olis (Mon- 

tagua) pilata (Gould), a common species on 

tho coast of New England. In Doris (Fig. 

196), they ure confined toa circle of pinnate 

gillson the hinder part of the back. They are 


Pra. rm. 


Peo i, . 
Im, 
Te —Valger of Forpnce, w, vlna; 2, all; foot; otocyst—After 
Fig. 197.—Dorkt. Now England const, 


shelles, and not uncommon just below low-water mark, 
laying their eggs in jelly-like masses coiled up on stones and 
the surface of seu-weeds. ‘Though the sdults are shelles, 
the embryos at first have a shell 

(Fig. 196, 4), indicating that 

the Nudibranchs have descend- 

ed from shelled Gastropods. 

Fig. 106 reprosents the yeli- Aeterostropha. Con 
ger of Tergipes lacinulala fa eee Oo 
Schultzo, allied to Doris, with ita lurgo ciliated velum, and 
protected by a decidaons shell, which tinally disappears with 
the volum, 

‘The air-breathing mollusks, Pulmonata, are represented by 
the pond-snails, Physa (Fig. 198) and Limnaus (Figs. 199, 
200), and the land-snails and «lugs. Fig. 205 represonts a 
slug suspended by « mncons thread from a twig. 

‘The common snail, Helix albolabris Say, is a type of the 
air-breathing mollusks. Fig. 201 represents this # 
natural size, in its shell, The opening to the lun 
ata, and at 1 is represented the heart and lung o 
den slug (Limax flavus). Fig, 202 represents Hei 
lnbris with the shell removed, and the mantle thro 
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Fra. 20. 
Fig SO —Thelix aitotobriv, natural vine, 9, oritiee of | 
fag of Liman Korey, ted 


Jang a, evessh, "Tbe 
—Nerve-cwnltt 
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‘The group of mollusks represented by Civtem (Fig. 207, 

Chiton ruber) have been referred to the worms by Jhering, 

on account of the segmented appearance 

of the plated shell, and the nervous s+ 

tem, which consists of two perallel 

cords, connected by several commie 

sures ;* us well as from the fact thut the 

intestine ends at the hinder end of the 
body. The young 
is oval when hatch- 
ed, and is a trocho- 
sphere, having @ 
ciliated ring in the 
wi—Siag. Ne middle of the body 
cae with a long taftof 
large cilia on the head. Afterwards 
it becomes segmented, as in Fig, 208, 
and is remarkably worm-like, the 
limestone plates of the adult corre- 
sponding to the primitive larval rings. 
Certain Gastropods are useful either 
as food or in the arta. In Europe 

Littorina littorea, the limpet (Patella of Naat eye mn a 

vulgata), the whelk (Buecinum wn- 276s % oltactory serves 

datwn), and the gurden-snail (Haliz 

Aortensis) are eaten. Tho sea-ear 

(Haliotis) is roasted in the shell 

The animal of Cymba, Strombua gi- 

gas, Turbo, Trochus, and Comma art 

eaten in the tropics, while many of 

the larger forms are used for fish 


the species of Hoatliotis and Turk, 

Chuo rai 'The beautiful shell of Canis ia mada 

into cameo pins, and the shell uf 

Stromius gigas is in the West Indies made into ornaments 


"In Fisswreila and [Talietis the two nerve-cords from the pedal ga 
giia are also united by alne transverse comminsures, so that heré ale 
we lave an approach to the double ganglionated cord of worms, 





hs: Sra Mlee Mpa ites toearen 


mark to fifty or one hundred fathoms. The abyeml faana 
at the depth of from 500 to about 2000 fathoms hus a few 
characteristic mollusks, 

‘The largest, most highly colored shells live in the tropics, 
while those found in the temperate zones are less beautiful, 
wnd the arctic species are the smallest and dullest in color. 
The shells of the eastern const of North A: r 
divided into several assemblages, or faunw, the West 
or ical shells, in some cases, reaching ax far 
Cape 3 between this point and Cape Cor 
temperate assemblage occurs, and north of ©: 
molluscan fauna is essentially Arctic; many 
eommon to the arctic and subarctic seas of the 


regions. 








the blood passing from the wide siumses 

ofthe body to the ventricle of the heart. From the suriele 
the aorta, which subdivides into several branches 

open freely into the body-cavity. ‘The circulation ema be 
tasily watched, owing to the transparency of the bods. The 
ere ne ceed ort Serene Peo aes 
through gills, except in a few species. The branchie 

thread- or leaf-like ciliated sppendages, hich 


posterior por- 
Hon, of the visceral cavity, and are partly imbedded in the 
liver. Tho oviduct is complicated by the presence of an 
albumen gland and a receplaculum seminis. It opens on 
the right side of the body. 

The Hoteropods are exclusively marine, but are found in 
all quarters of the workl. The number of species is small, 
and there ure two orders only—the Plerotracheide with a 
small or no shell and free gills, and the Aflentide with « 
large coiled shell and gills placed in the mantle. Ptere- 
trachea (Firola) coronata Forsk. is found in the Mediter- 
Tanean, and on account of its transparency has often heen 
investigated. The Heleropoda live together in large sum- 
bers, and feed on small animals, 

‘The oggs are laid in cylindrical strings, which soon break 
up into numerons pieces. The segmentation of the yolk ie 

bat =» The embryo rotates within the ogy 
the teliger stage, when it has two distinct sails, or 
Tobes of the velum, and a ciliated foot with an operculum. 
Tn this form it leaves the egg. The velum enlarges and 
forms several divisions, ‘The otocysts, eyes, and tentacles are 
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reclieetyL 


tf 
5 
: 
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Crass T.—Crrnavopopa (Squids and Outtlefishes). 


mon squid, represented by Fig. 212. The following scoount 
on dissections of oligo Pealii Lesueur (Fig. 


pean 
Mustration (Fig. 212) of Loligo pallida Verrill The body 
ix fish-like, pointed behind, and with two broad Seehy fin- 
fike expansions at the end of the body. The bead ix die 
tinet from the mantle or body, and the mouth is sar 
by 8 crown of ten long stout pointed tentacles, armed 
ee eee eos A ateraslaly exrenged cup-shaped 
suckers, each sucker being spherical, hollow, with a horny 
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short muscular canal with a largo orifice extending on 
the ventral side to the base of the tentacles, ‘Through 
this siphon passes excrementitious matter as well as the ink, 
and the stream of water which is forcibly ejected from the 
siphon, thus propelling the squid throngh and sometimes 
out of the water, 

‘Tho two gills (Fig. 213, 9), are large, long slender bodies, at- 
taclied by a thin membrane to the inner wall of the mantle, 
and are quite free from the visceral mass. From the bran- 
chial vein arise two rows of lamells like the teeth of a comb. 
At the base of cach gill is a flatted oval body, the “ bran- 
chial heart,” or auricle (Fig. 213, 44). The auricles are quite 
separate from the large four-cornered flat ventricle (Fig. 
213, 4), lying in front of the stomach, and which throws off an 
artery from each corner, the aorta being the largest, and 
passing parallel to the oesophagus, while a lange vein (rena 
cava) is sent off to the gills from a circular sinus in the 
head. 

The nervous system is more complicated than nena) in 
MoMusea, and is very difficult to dissect. In Loligo Pealii the 

ighly concentrated nervous system is mainly contained in an 
imperfect cartilaginous brain-box (eg), a slight anticipation of 
the skull of the Vertebrates. The brain (supracsophagesl 
ganglion, Fig. 213, d) rests upon the very large optic nerves, 
which dilate at the base of the eye, the latter being ae 
imbedded in sockets in the brain-box. The visceral (pari 
tosplanchnic) ganglion lies beneath and a little behind the 
brain, supplying the nerves for the ears (otocynts), which 
are énclosed in the cartilaginous brain-box, and there is a fine 
canal leading from the ears to the surface of the body, so 
that, as Gogonbaur states, it is possible to distinguish « mem- 
branous and 4 cartilaginous labyrinth, analogous to the 
similar parts found in the Vertebrates, The pedal ganglion 
(Fig. 218, p) is paired with the visceral ganglion (Fig. 213, ), 
bat lies in front of it, behind and under the bulbous pha- 
rynx, and from it arise teu nerves (¢), which are distributed one 
to each arm, passing between the two rows of suckers. 
smuller ganglia, the superior buccal and inferior buccal, lie 
one above and one below the beginning of the avophagus. 
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and m day later the rudiments of the ears, of the pharynx 
and salivary glands ; while a day or two after, the yentri- 
cle, auricles, the kidneys, the ink-sac, and liver develop, 
Contrary to the usual rule the ganglia arise from the middle 
instead of the outer germ-luyer. After this the germ grad- 
wally develops until it rises above the surface of the egg, 
and soon the yolk is partly absorbed and is contained in a 


yolk sac, as in Figs. 217, 218. Finally the young cut- 
tle-fish hatches in the form indicated by Fig. 219, and then 
swims free upon the surface of the sea. 
Tho development of Cophalopods in general is, then, di- 
rect, i.¢., there is no metamorphosis, the phases of meta- 


ation of the yolk, assumed a trochosphere condition 
before the definitive features (Fig. 221) of the cutt 
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have been found at sea, or cast ashore at Newfoundland and 
the Danish coast; or their jaws oceur in the stomach of 
sperm whales, as squid of all sixes form a large proportion of 
the food of sperm whales, dolphins, porpoises, and other 
Cotaceans provided with teeth. The largest cuttlo-fish 
known is Architeuthis princeps Verrill, the body of which 
must be about six and a half metres (nineteen feet) in length, 


and nearly two metre 
{five feet, nine inches) 
in cirenmference. Tht 
arms of this species am 
unknown. Archites 
this monachus Stoeo 
strop has a body about 
two metres (seven feet) 
long, and the two long- 
er arms Seven motret 
(twenty-four feet) 
long. A. still larger 
individual was esti- 


0% ndland and Labrador, and in one in- 
stance attacked m in a boat. 

The Octopus 223) and Aryonanta represent the 
eight-armed forms, 
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‘Thono weird, horrifying creatures, the Octopi, are very soft- 
bodied, and live on shore just below or at low-water mark, or 
in deeper water. They have no shell or pen. Octopus punc- 
talus Gabb expands 44 metres (14 feet) from tip to tip of the 
outstretehed arms, They are brought of this size into the 
markets of San Francisco, where they are eaten by Italians 
and Chinese. An Indian woman at Victoria, Vancouver 


lives in the shell, but is not permanently attached to 

not being chambered, and holds on to the 

greatly expanded terminations of two of its 

secrete the shell. The males are very small, not 

than five centimetres (one inch) in length. During 

the reproductive season the third left arm becomes larger 

und different in form from the others, and becoming encysted 

‘is finally detached from the body, and deposited by the male 

within the mantle-cavity of the female, where the eggs in a 

way unknown aré fertilized by the spermatic bodies, The 

free arm was supposed originally to be a parasitic worm, and 
was described under the name of Hectocotylus. 

‘The living species of Cephulopods have a wide geographi- 

cal een an a high antiquity, the earliest forms appearing 

in the Silurian Period, while the type culminated in 

‘the Liassic, Jurassic and Cretaceous Periods. 


Crass UL—CEPHALOPODA. 


Molinakes with he hews-lobe divided into arms, usually provided with 
suckers ; ayes more highly organized than in any other incertebrates ; 
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nereous ganglia much concentrated and protected by an imperfect cartils. 
capsule ; pharyna armed with teo teeth like a parrot's beak, be 


tive streak Ge present as in birde and reptiles. 
Order 1, Tetrabranchiata—With four gills. (Nautilas, living: Os. 
thoceras, Gonlatites, Ammonites, extinet.) 
Order 2. Dibranckiata,—With two gills. (Spirula, Bolemnites, ex 


tinet, Sepia, Architeuthis, Loligo, Ommastrephes, Octepes 
Argonauta) 


TamcLan View ov THe Classis or MOLLUscA. 


Cephalopoda. 


Laboratory Work.—The cattles are not easy to dissect, A horiaa- 
tal section through the head will show the relations of the cartilaginess 
capsule to the brain, optic nerves and eyes. The pervous ganglia con 
only be traced after tedious dissection, ‘To study the viscera trehly- 
killed specimens are quite exsential, 
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BRANCH VII.—ARTHROPODA (CRUSTACEANS AND 
Insects). 


General Characters of Arthropods,—To this group be- 
Jong those Articulates which have jointed appendages, #. ¢., 
antenna, jaws, maxille (or accessory jaws), palpi, and legs 
arranged in pairs, the two halves of the body thus being 
more markedly symmetrical than in the lower animals, The 
body-walls are usually hardened by the deposition of salts, 
mostly phosphate of lime, and of a peculiar organic sub- 
stance, called chitine. The segments (somites or arthro- 
meres) composing the body are usually limited in num- 
ber—twenty in the Crustaceans and eighteen in the insects— 
while cach arthromere is primarily divided into an upper 
(tergum), lower (sternum), and lateral portion (plenrum). 
‘These divisions, however, cannot be traced in the head either 
of Crustaceans or insects. Moreover the head is well marked, 
with one or two pairs of feelers or antenne, and from 
two to four pairs of biting month-parts or jaws, and two 
compound eyes ; besides the compound eyes thero are simple 
yes in the insects. ‘The germ is three-layered, and there is 
usually a well-marked metamorphosis. The Arthropods 
aro nearest related to the worms,’ certain Anneli 
their Ssh appendages (tentacles as well 


Arthropods, as Linguatula, have been, tctan for 
parasitic worms, So close are the affinities of th 
and Arthropods that they were by Cuvier united as « 
Articulata, and while the Annelides and ropot 
have had a common parentage, the recent 
knowledge of the worms, has led naturalists 
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Thongh as many images may be formed in each eye as there 

are distinct crystalline cones, yet, as in man with his two 
aie efit upon the lobster’s mind is probably that of 
a single image. 

‘The lobster’s ears are seated in the base of the smaller or 
first antenn= ; they may be detected by a clear, oval space 
on the upper side ; on laying this open, large capsule will 
be discovered ; inside of this capsule is a projecting ridge 
covered with fine hairs, each of which contains a minute 
branch of the auditory nerves, The sac is filled with water, 
in which are suspended grains of sand which find their way 
into the capsule, A wavo of sound disturbs the grains of 
sand, the vibrations affect the sensitive hairs, and thus the 
impression of a sound is telegraphed along the main audi- 
tory nerve to the brain. 

Organs of touch are the fine hairs fringing the mouth- 
Parte and legs. The seat of the sense of smell in the Cruz- 
tacea is not yet known, but it must be well developed, as 
nearly all Crustacea are scavengers, living on decaying mat- 
ter. Crabs also have the power of finding their way back to 
their original habitat when carried off even for several miles. 

The two large so-called “‘green glands” situated on each 
wide within the head-thorax, and haying an outlet at the 
base of each of the larger antenne, are probably renal in 
their functions, corresponding to the kidneys of the verte- 
brate animals. 

‘The ovaries and corresponding male glands, are yolumi- 
nous organs, the testes being white, and the ovaries, when the 
lobster ix about to spawn, being highly colored, usually pale 
green, and the ovarian eggs are quite distinct. The lobster 
spawns from March till November ; the young are hatched 
with much of the form of the adult, not pasting through o 
metamorphosis, as in most shrimps and craba. They «wim 
near the surface until abont one inch long, when they ro- 
main at or near tho bottom, 

‘The lobster probably moults but once annually, during tho 
‘warmer part of the year, after having nearly attained ite 
maturity, and when about to moult, or cast its tegument, tho 
carapace splits from its hind edge as far as the base of Lie 
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rostram or beak, where it is too solid to » The lobster 
then draws its body out of the rent in’ rere i ot 
the carapace. The claw—at this time and very 
watery—is drawn out through the heerabies fists ee 
split in the old ernst. In moulting, the stomach, with the 
solid teeth in the cardiac portion, is cast off with the old in- 
tegument ; why the stomach can thus be rejected is explained 
by the fact that the mouth, esophagus, and stomuch are cou- 
tinuous in early embryonic life with the epithelium forming 
the outer germ-layer, the month and anterior part of the 
alimentary canal being the result of an invagination of the 
ectoderm. The old skin is originally loosened and pushed 
away from the hypodermis, or under-layer, by the growth af 
temporary stiff hairs, which disappear after the skin is cast; 
the hairs, however, at least in the craw-fish, do not oceur oa 
the line of the facotted cornea, on the eye-stalk, or on the 
inner lamelle of the fold of the carapace over the gill 
opening. 
‘Tho studentis now prepared to understand the descrip. 
tions of the types of the different orders, The Crustacea 
may be divided into two series of orders, or two subclass 
normal Crustacea, in large part of ape 
w living, though containing numerous > forms, 
for which we would propose the term Neocarida ; and the 


iy 
modified is the form, owing probably to their fixed, pare 
sitic mode of life. Indeed they were former! 
the Mollusea, until, in 1836, Thompson found that the 
young barnacle was like the larva of other low Crustace 


(Copepoda). The barnacte is, as in the common sessile form 
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‘a shell-like animal, the shell composed of several 

® multivalve, conical movable lid, having an 

through which several pairs of 7h many-joint- 
ed, hairy appenduges are thrast, 
thus creating a current which sets 
towards the mouth. The com- 
‘mon barnacle (Balanus balanoi- 
in) abounds on every 
from extreme high- 
mark to deep water, and 


ves and the enc ops ¥ig.227-A barmacle. Botanus 
structure of the barnacle may best be observed in 
ig a goose barnacle (Lepas. fascicwlaris Ellis and 


Solander, Fig. 228). ‘This barnacle consists of a body (capit- 
ulum) and leathory peduncle. There are six pairs of jointed 
‘foot, representing the feet of the Cyclops (Fig. 236). Tho 
mouth, with the upper lip mandibles (2, 1), and two pairs 
of muxille, will be found in the middle of the shell. A 
short awophagus (according to J, 8. Kingsley, whose ac- 


dat veloped, a cement-gland, the secretion of 
ant is for the purpose of attaching the burnacle to some 


wexea ane generally united in the sume indi- 

¥ the genera Jila (Fig. 220) and Scalpellum (Figs. 

230, 231), besides the normal hermaphroditic form, there 
females, and also males called “complementary males,” 

are attached perasitically both to tho females and 

fitie forms, living just within the valves or 

to the membranes of the body. These complo- 





seieeal males are degraded, imperfoot forms, with sometimes 
te mecth or Gevetive canal The spparent in nature 
@ chete Gferent wernsl forms is to effect cross ferti 

‘The eggs past fram the ovaries into the body-carity, when 





EMBRYOLOGY OF BARNACLES. 295 


‘was at first thought to be an adult Orustacean, and described 
‘ander tho name of Nauplius. Tho Nouplius 
of the genuine barnacles (Fig, 232) has three 
pairs of legs ending in long bristles, with a 
single eye, and a pair of antennm, the body 

in front in two horns, and posteriorly 
in a caudal spine. After swimming 
about for a while, the Nanplius attaches it- 
self to some object by its antenne, and now a Fic, 200 — ia. 
strange transformation results. The body is Compiomnen sry 
enclosed by two sets of valves, appearing as if Bnet Darwlas 
bivalved, like a Cypris (Fig. 233) ; the peduncle grows out, 





Pig. #11. — Compe: 
mentiry’ malo of 
patton roptes, greet iy 

ee Wy 





atter becoming fixed, in one season, i. ¢,, between the first of 
and November. 


repre- 
ted by Peliagester (Fig. 
Socewitms (Fig. 235), 
the young iss more 
Nexplins form, like 
of the Binfomostre- 
e the adult is » sim- 
ple sac, containing no diges- 
tive organs or nerves. From 
the feet of the young grow 
oat, afer the animal beoumes 
sessile, long root-like file 
ments, which ramify in the 
body of the crab, to which 
these animals are firmly an- 
chored. We can conceive of tuaetthtmm tenasee ce 
no lower, more degraded Crnus- Sen ol 
tacean than these root-barna- 
cles, the only signs of life being the powerful contractions 
of the roots and an alternate expansion and contraction of 
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the body, forcing the water into the brood-cavit) 
expelling it through a wide orifice, These ro 
recall the Trematode worms, 


latter are much more high]; 
An allied form (Cryptophiah 
repair larval or Nat 
hatching in the: 


eae res mite sins form ( 








g more or less Pa Gat 
ed, while the posnitosetans: tn a 
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‘The highest members of the group of sucking Entomo- 
straca are Caligus and Argulus, in which the body is seg- 
monted, with antonnw and free 
mouth-parts and legs; the Intter 
genus with compound eyes, Cali- 
gus curtux Maller lives on the cod, 
and Aryulus alos Gould on the 
alewife, 


Order 3. Branchiopoda. —This 
order includes euch Crustacea as 
in the higher forms breathe by 
rather broad feet. ‘There is a con- 
siderable range of 
form from the 
Ostracoda, repre- 
sented by Cypris, 
in which the feet 
aremnch as in Cy- 
elops, through Daphnia and Sida (Fig. 242) 
which represent the Cladocera, up to the 
Phyllopods. The suborder of Ostracoda 
(Cypris) are bivalved, the shell often thick. 
They have two eyes, two pairs of antennw, 
a pair of mandibles with a jointed feeler 
{palpus) and a gill, and four pains of fect, 
the second pair often carrying a small 
The shells of certain species allied to 
abound in the lowest Silurian strat 
species live in fresh-water pool 
ocean at various depths, They 
metamorphosis, the youngest stage 
shelled Nauplins. 
The suborder Cladocera is repre 


called water-fleas from ¢! 
‘The eggs of Daphwia are be 


ot the females in s0-call 
or ec ae the back under the 5! 
sorts of eggs, i. ¢., the “summer” e; 
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asexual females, the males not appearing until the autumn, 
when the females lay the fertilized “ winter” eggs, which are 
surrounded by a very tough shell, Dohrn observed the de 
velopment of the embryo in the summer eggs. At first the 
embryo has but three pairs of appendages, representing the 
antennm and two pairs of jaws, It is thus comparable with 
the Nauplius of the Copepodous Lntomostraca, 


Micon may be said to puss through a Nanplins stage in 

fh eS more limbs grow ont, until finally the embryo 
is provided with the full number of adult limbs, and hutobes 
in the form of the mature animal, undergoing no farther 
change of form. 

The members of the suborder Phyllopoda are more highly 
developed than any of the Crastacea mentioned, and differ 
from other groups in the fact that the body is usually partly 
covered by a lange carapace (the mandibular segronns ey 
developed), which is sometimes bent down, and opens aod 
shuts by an adductor muscle, so that they resemble bivalw 
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Molinsca el nachfren. emt rentateripeepae Ae the 

broad leaf-like feet, subdivided into lobes, and adapted for 

breathing as well as 

thorax merges insens- 

ibly into the abdomen. 

The number of body- 

segments varies great- 

ly, there being six- 

toon in Linmnetis, the 

simplest form, and 

sixty-nine in Apus, 

or three times the 

number present in the 

Jobster, the segments Fig su1—Limactls Gowldll, much enlaryed.—Atier 

thus being irrelatively *™°™ 

repeated, a sign of inferiority. There is a pair of simple 

eyes consolidated into one as in Limnetis and Limnadia, or 
asin Apus, thore is a 
pair of compound eyes, 
situated in the cara- 
pace, apparently on 
one of the antennal 
segments. In Bran- 
chipus and Artemia 
the compound 


ee ate eae , but the 
should be noticed, is not éretoped “from ae 


tality, withstanding the heat and dryness af 


haw iano the young hatching after the rai 
pools or ditches. 
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carapace, the mandibular segment being small and not over- 
lapping the segments behind it. The second antenna are 


eibo end dasel view, soneal 
size, 
. 


‘Pig. 47.—A pus cequalis, natural size. 


large and in the male adapted for 

clasping. In Thamnocephalus (Fig. 

250, 7. brachyurus Packard, from 

Kansas) there is a singular shrub- 

like projection of the front of the 

head, and the abdomen is spatulate 

or spoon-shaped at the end, Bren- 

chinéctes Coloradensis Pack. (Fig. 

251) is s Rocky Mountain form. oes 

The brine- shrimp, Artemia, lives Neupl 

only in brine-vats or in the salt ** 

lakes of the West and of Southern Europe. Artemia gra- 
itis Verrill (Fig. 252) has thus far only boon found in tube 





of concentrated salt water on railroad bridges in New En- 
gland. Artemia fertilis Verrill abounds in Great Salt Lake. 


be 


29 


= 
— 
— 
—— 
cy 
=. 
= 


ales Heirs, aie eral sine, riche ‘frous view. 
eal of tho femmes 6, emt Seay Ore female, showing the Ovens. P 


‘They may often be seen swimming about in pairs, a3 in 
. 253, This species has a Nanplius young like that of 


Vig. 3M. Atrmchivectes Cntornitensla Balk: 


the brine-shrimp of Europe (Fig. 249 3). Tt ts a signifi 
cant fuct, bearing on the question of the origin of 
that, acoording to Schmankiewitsch, Artemia may change its 
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form, the change being induced by the greater or less saltness 
of the water, Artenia peodnose young by budding (parthe- 


nogenesis) as well as from eggs. 
A species observed near Odessa 
females alone a x 


onlin 
second ‘Antenna oF oe % 


thorax, but the head is small, “alwe Vert */* ® corse 


bearing two pairs of antenuw, and a pair of jaws, and three 
pairs of maxille, The thorax is continuous with the abdo- 
mon, Respiration is performed by lamellate or leaf-like 
gilla on the middle fect in the Amphipods, or on the hinder 

abdominal feet in 


Ses. tho Tsopods. The 

Evy lowest Isopods are. 

G parasitic, they 

fertile trom Great Salt Take. ¢ graduate into the 
eapoda) through a group (probably a suborder) of sy 


forms (Palaocaris, Acantholelson and Gampsonyx, Pig. 
ha) ES aa are found in the coal formation of Mlinois 





806 


and Europe, which be called Anthracarida, 
Shick ints Seiten gil a Pa aoa but the 


aii SA—Campanyer Simbriatue of Burvpean coal moeawaros, $44 thea natand 


and limbs like Amphipods. In the Isopods the body is tlat- 
tened and the head rather broad. 


2 


gas 


a8 


a) 


Ne 


Vig, O8 —Nervone 
ayviem of Medea tr~ 


— bys. 


Fig. 256 is a dorsal view of Serolis Gaw- 
dichaudi Audouin and Edwards, with the 
two pairs of antenne and pointed sides of 
each thoracic segment, dissected to show the 
nervous system, the two pairs of antennal 
nerves; the optic nerves (op) sent to the 
compound eyes. Fig. 257 represents a trane 
verse section of the body, showing the mode 
of insertion of the legs, and the equality in 
the tergal and sternal sides of the body, 
Fig. 259 represents a gill. In the common 
pill-bug (Porcellio) aérial respiration is per 
formed by respiratory cavities situated in 
the abdomen. In Ty/os similar cavities are 
filled with a multitude of branching cceca, 


serving for adnmal respiration, thus antici- 


pating the tracheary system of insects, 
‘The nervous system is quite simple. (Fig. 
255, Idofma, and Fig. 256,'that of Seralis,) 
The digestive canal is straight, consisting 
of a short owophagus, a membranous stom- 
ach, and usvally a short tubular intestine; 
the liver consisting of several shart coca 


ln Serofis Gowdichandé the stomach is somewhat pear 
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shaped, widest behind. ‘The intestine is on its anterior half 
broader than the stomach, suddenly contracting behind. 


eT egg Dizectin ot Serte to show tho nervous epstec—Distcted and draven 
There is no cwcal enlargement, and no “urinary” tubes. 
The sexes are distinct. The young are hatched in the form 
of the adult, there being no metamorphosis. 

The development of the pill-bug, Oniscus murarins is 
probably typical of thut of most ‘letradecapods and Deca-— 


wt tears fection of Serolte. ff tenguin 4 A serepe ti 


pods (Bobretzky), The first change after fertilization is the 
origin of tho formative or primitive blastodermic cells at one 
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the sharp hook-like legs around the margin of the body. The 
head has no eyes nor appendages. The male (Fig, 262,0, D) 
is but slightly modified, is very minute, and is lodged partly 
out of sight under the ventral plates of the female, whow 
body is about five millimetres (a fifth of an inch) in length, 


fit, Sek Arcturwe Basta, with He young elingingto is antennen —Atter Wve 
ommpeoe. 


Various species of Porcellio (sow-bugs) live under stonet 
on land; and allied to Aselfus, the water sow-bug, is thi 
marine Limnoria terebrans Loach, which is very injurious 
to the piles of bridges, wharves, and any submenged wood, 
The highest Isopods are Jdotea, of which J. irroratua Say 
(Fig. 255) is our most abundant species, being common in 
eel-grass, etc., between and just below tide-marks ; and Are 
turus (Big. 263, A, Bafini Sabine), from the Arctic seas, 
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Jc lerecasmraechl ty, dsclelaat eaarediead 
the whale-louse, passes into Cuprella, with its ar 


Smith), abundant and leaping in all directions from under 
dried sea-weed at high-water mark. 

Fig. 264 represents Gammarus robustus Smith, a freab- 
water form common in the western territories. 


Fig. 984.—Gammarws rebwstus Seatth Utah, Extarged —Afier Sentth 


Order 5. Phyllocarida.—This namo ia proposed for 
group of Crustacea, the forernnner of the Decapoda and 
hitherto regarded as ns cere (Nebaliada), in which 
yllopod, 


nm, the second pair nearly as Jong as the body and many- 
jointed. The mandibles are succeeded by two pairsof max- 
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abdominal feet; the compound eyes are large and evuslly 
seaside, and the caripace is often armed with a lee deme! 
and frontal spine. Fig. 265 represents the Zota, or lurve of 
the common shore crab (Cancer irrerates Sey) After aer- 


Fig, ME —Zole of the common Crab, Cxtere. Mich caileeget ter fee 


eral moults, the thoracic legs appear, the mouth - parte 
change from swimming-legs to appendages Stted for pre 

ing the food to be swallowed and digested. This staze 
bt ahort-tailed Decapods or crabs, is called the Mape- 
lopa stage (Fig. 266); certain immature crake baring bees 
mistaken for and described as mature Orustaces, under the 
name Megalop: After swimming about the surface in the 
Zeta and Megalops conditions, the body becomes more balky, 
more concentrated headwards, and the crab descends to the 
bottom and hides under stones, otc. 

Tho development of the individual crab is, in 3 general 
wna, an epitome of the development of the order. In the 
lowest Decapods, a8 in Cuma and Myris, the form is some- 
what like an advanced Zota, while the remarkable concentrs- 
tion of the parts hendwards, soem in the crate, ie a great 





lantic Ovean, is remarkable for the 
large size of its eyes. In the spe- 
cies of Alpheus, which live in holes 
in sponges, etc., the eyes are small. 


“Challenger” Expedition, are rudimentary, though in the 
young the eyes aro better developed. This is the case with 
the young of the blind craw-fish Camburns pellucidus (Tell- 
kampf, Fig, 268) of Mammoth and other caves. The fact 
that the eyes in the young are larger than in the adult indi- 
cates that this species has descended from other forms living 
in neighboring streams, and well endowed with the sense 
of sight. The eye (Fig. 269) of the blind craw-fich differs 
from that of the normal species in its smaller size, conical 
form, tho absence of a cornea (indicated by the dotted lines 
in A), tho pigment colls being white instead of black, and 
by differences in the form of the brain, that of the blind 
species boing foller on the sides, and wanting the conical 
projection in front. 


Subelass 2. Paleocarida,—This subclass is proposed for 
the king-crab (Zimulus), the only survivor of » large num- 
ber of fossil Crustacea, which dominuted the Silorian seas 
and became mostly extinct in the Carboniferous period. 
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peculiar in form and also ensheathed by arteries, and the 
peculiar nature of the gills of the abdominal feet, as well as 
the highly developed system of blood-vessels ; that we are 
obliged to place them in a subclass equivalent to all the other 


n 


Crustacea. It is possible that future research may prove that 
the Paleocerida should form a distinct class of Arthropoda, 
equivalent on the one hand to the Crustacea and on the 
other to the Jnsecfa, but from the fact that they breathe like 
other Crustacea by external gills, we prefer to retain thom 
us o subdivision of the class of Crustacea, 

Order 1. Merostomata,—The only living representative of 
this order is the king-crab, belonging to the genus Limulus, 
represented in American waters by Limulus Polyphemus 
Linn., which ranges from Casco Bay, Maine, to Florids 
and the West Indies. 

‘The body of the king-crab is very large, sometimes nearly 
two feet in length ; it consists of a cephalo-thorax composed 
of six segments and an abdomen with nine segments, the 
ninth (telson) forming a long spine. The cephalo-thor : 
broader than long, in shape somewhat like that of / 
with n broad flat triangular fold on the under side. J 
are two. large lunate compound eyes, near the middle of the 
head, but quite remote from each other, and two xmall « com- 
ae oyos situated close together near the front edge of the 

‘There are no antenn, and the six pairs of append- 


ae “4, The nane oF the Niece aan fro Mas 





ANATOMY OF THE KING-ORAB, 319 


‘The heart is tubular, with eight pairs of valvular openings 
for the roturn of the venous blood which flows into the 
pericardial sac from ull parts of the body ; the arterial blood 


220. —Nervors a I 


area psir of branchial arteries, and two arteries in the base of 
the apine. 
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tho serous membrane (Fig. 271, am), which is like that of 
ingecta. 

Then the limbs bud out ; the six pairs of cephalic limbs 
appear at once as in Fig. 271. Soon after the two basal 
pairs of abdominal leaf-like feet arise, the abdomen be- 
comes separated from the front region of the body, and 
the segments are indicated as in Fig. 272. A later stage 
(Fig. 273) is signalized by the more highly developed dorsal 
portion of the embryo, an increase in size of the abdomen, 
and the appearance of nine distinct abdominalsegments. The 
segments of the cephualo-thorax are now very clearly defined, 
#3 also the division between the cephalo-thorax and abdomen, 
the latter being now nearly as broad as the cephalo-thorax, 
the sides of which are not spread out as in a later stage. 


eTig; 4--Kingemb shortly before batching ; trliobitle stage, enlaryed ; side and 


At this stage the egg-shell has split asunder and dropped 
off, while the serous membrane, acting a3 a vicarious egg- 
shell, has increased in size to an unusual extent, several 
times exceeding ita original dimensions and filled with sca- 
water, in which the embryo revolves. 

Ata little Ister period the embryo throws off an embry- 
onal skin (amnion), the thin pellicle floating about the 

Still later in the life of the embryo the claws ure de- 
veloped, an additional rudimentary gill appears, and the 
abdomen grows broader and larger, with the segments more 
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distinct ; the heart sleo appears, being a pale streak along 
the middle of the back extending from the front edgo of 
the head to the base of the abdomen. 

Jnst before hatching the head-region spreads out, the ab- 
domen being a little more than half as wide as the cephalo- 
thorax. The two compound eyes and the pair of ocelli on 
tho front edge of the head are quite distinot ; the appeni- 
ages to the gills appear on the two anterior pairs, anid the 
legs are longer. 

The resemblance to a Trilobite is most remarkable, a 
seen in Fig. 273. It now also closely reeembles the fossil 
king-crabs of the Carboniferous formation (Fig. 274, Prest- 
wichia rotundatus, Fig. 275, Luproops Dana). 


In about six weeks from the time the eggs are Iaid the 
ro hat i i 

atage in the abdomen being much Jarger, 8c 
size than the cephalo-thorax ; in the obliteration o} the seg: 
ments, except where they are faintly indicated om tho cat- 
diac region of the abdomen, while the gills are much larger 
than before. The abdominal spine is very rudimentary ; it 
forms the ninth abdominal segmont. 

‘The reader may now compare with our figures of the re 
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cently hatched Limalus (Fig. 276), that of Barrande’s larva 
of Trinueleus ornatus (Fig. 277, natural size and enlarged). 
He will see at a ginnce that the young Trilobite, born with- 
out any true thoracic segments, and with the bead artics- 
lated with the abdomen, closely resembles the young Lime- 
lux In Limulns no new segments are added after birth ; 

in the Trilobites the nnmerous thoracic segments are add- 
ed during successive moults) The Trilobites thos puss 
through « well-marked metamorphosis, though by no means 
so remarkable ss that of the Decapods and the Phyllopod«. 


‘Wig. 270, —Larva of the King-crab. 


The young king-crabs swim briskly up and down, ekim- 
ming about on their backs like Phyllopods, by flapping their 
gills, not bending their bodies. In a succeeding moult, which 
ocenrs between three and four weeks after hatching, the 
abdomen becomes smaller in proportion to the head, and the 
abdominal spine is about three times as long as broad. At 
this and also in the second, or sucoteding moalt, which oc- 
¢urs about four weeks after the first moult, the young king- 
erab doubles in size. It is probable that specimens a: nck 
long are about a year old, and it must require seve: 
for them to attain a length of one foot. 

‘The Limuli of the Solenbofen slates (Jurassic) scarcely 
differed in appearance from those of their living descend- 
ante 

Limulus, Prestwichia, Bellinurus, and Ewprosps form 
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Crass, I. CRUSTACEA. 


Arthropoda breathing by gille situated on the lege, or respiring through 
the body-sealls, Body in the higher forms divided into two regions, a 
cophato-thoraz and abdomen. Two pairs of antenna ; mandibles wu. 
ally witha palpus. Heart nearly square, or in the lower forms tubular. 
Often a dininet meamorphosis. Sexes distinct, except in a few cases 
(certain barnactes, ete.) 


Subelass 1, Nesearida.—Genuine Crastacea, with two pairs of anten- 
‘nee; biting mouth parts ; moatly modern types 


Order 1. Cirripedia.—Seralle often retrograded ; antennm not devel- 
‘oped, living parasitically, the appendages of the head some. 
times forming netlike organs, Young hatebed in the neu- 
plias stato. Suborder 1.—Rhisocephala (Sacculina, Pelto- 
gaster). Suborder 2.—Genuine Cirripedia (Balanus, Lepas,) 

Order %. Entomostraca.—A cephalo-thorax developed ; mandibles and 
three pairs of maxilla; five pairs of thoracic feet, no ab- 
domninal feet; without any gills, The parasitic forms more 
or Jee modified im shape, with sucking mouth-parts ; all 
the young of the nauplias form. Suborder 1. 

(Cyclops), Suborder 2. Siplonostoma (Lernws, Callus, and 
Argalas). 


‘Thoracic feet leaf-like ; one to three pairs of 
maxilim ; number of body.cegments varying from a few to 
sixty ; ceplulo-thorax often well developed, and forming a 
bivalved shell. Young usually a Nauplius. Suborder 1, 
Onracoda (Cypris). Suborder 2. Cladocera (Daphnia). Sab- 
order 8. Phyllopoda (Limuadia, Apas, Branchipus, and Ar- 
teria.) 
Order 4. Phyliocarida,—Body compressed ; rostrum distinct from the 
farapace ; thoracic feet leaf-like ; 90 metamorphosis, (Ne- 
balia) 


Order 5. —Tetradecapeda.—No cephalo-thorax, thoracic 
tinct; respiration often carried on by the 
Soborder 1. Saepoda (Idotma, Avelius), Suborder 2, 
Phipeda (Gammarus), 


Order 6, Stomapoda—Aliominal feet respiratory, (Squilla) 


Order 7. Decapoda,—Cephalo-thorax well marked, abdomen often beat 
beneath the cephalo-thorax ; breathing by gills attached to 
the maxillipedes and logs Heart often nearly sqaare, 
Usaally « well-marked metamorphoss; young enlled « 





? 
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throagh the heart, and finer arteries traced into the large claws 
and legs, In the crab, the entire upper side of the carapace may be 
removed by the point of a knife, The smaller Crustacea, especially 
‘the water-flens, may be exumined alive under the microscope as trans 
objects. In the larger forms the stomach may be laid open by 
inorder to study its. stracture. Tho eyes of 

‘the lobster should be hardened in alcohol and fine sections made for 
‘the microscope, This is an req much eare and expe- 
rience, Exports in have sliced the eggs of certain Crusta- 


The number of body-segments in winged insects is soven- 
toon or vighteen—i. ¢., four in the head, three in the thorax, 
and ten or eleven in the hind-body. In spiders and mites 
there are usually but two segments in the head, four in the 
thorax, and a ing number (not more than twelve) in 

n Earttericad ths wamber of segments varies 
#, from ten to two hnndred. The 
‘aro jointed, and perform four different 
antenns are sensorial organs, the m 
seizing and chewing or sucking 









ie appendages 
of the spider, us well as 
insects, are subservient in 
species. 

Of the winged insects there are two types : first, 
which the jaws and maxille are free, adapted for Ning 
in the locust or grasshopper, and, second, those in whi 
the jawa and maxillm are more or less modified to 
lap up liquid food, ag in the butterfly, bee, and A 

Nearly all insects undergo a metamorphosis, the young 
heing called a larva (caterpillar, grab, t) ; the larva 
transforms into a pupa (chrysalis), and pupa into the 
adult (imago). 

In order to obtain a knowledge of the stracture, external 
and internal, of insects, the student should make a careful 
study of the anatomy of a locust or grasshopper with the aid 
of the following description ; and afterward rear from the 
egea caterpillar and watch the different steps in its metamor- 
phosis into a pupa and adult, Tho knowledge thus acquired 
will be worth more to the student than a volume of doscrip- 
tions. 

On making a superficial examination of the Iocust (Cilep- 

femur-rudrum, or C. spretus), its body will be soon to 
of an external crust, or thick, hard integument, pro- 
the soft parts or viscera within, This 
rvals segmented or jointed, the segments more or 
ings, which, in turn, are subdivided into pieces 
segments are most simple and easil: 
men or hind-body, which is composed of ten of 
ody consists of seventeen of these 
ly modified and more or less imperfect und dil 
to muke ow! p 


seventeen segments, moreover, are grou} 

gions, fonr composing the head, three thonkx, anil ten 
the hind-body, or abdomen, On examining the abdomen, 
it will be found that the rings are Rie Mi poons - 
cach segment may be divided into an pper 

(pleural), and an under (sternal) portion, or are 
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‘These parts ure respectively called feryite, plewrite, and 
sternite, while the upper region of the body is called the 


Fig. 278. —Kixternsl saatomy of Caloptenus apretur, the hwad and thorax disjointed, 


wp, aropatagiam; J. fureala' exreus’—Drawn by dS. Kingsley 


tergum, the lateral the plearum, and the ventral or under 
portion the sternum, 











‘Turning now to the side of the body under the insertion 
of the wing (Fig. 279), we see that the side of each of the 


the anterior, episternum, resting ; 
epimerwm behind it; these pieces are vertically high and 
narrow, and to them the leg is inserted by three pieces, 
called respectively coxa, trochantine, and Fig. 
279), the latter forming a true joint of the log. 

The legs consist of five well-marked the femur 
(thigh), tibia (shank), wud (arsus (foot), the latter consist- 
ing in the locust of three joints, the third bearing two large 
claws with a pad between them, ‘The hind legs, especially 
the femur and tibia, are yery large, adapted for 

The sternum is broad and large in the middle and hind 
thorax, but small and obscurely limited in the prothoras, 
with a large conical projection between the legs. 


carries the compound eyes, ocelli, or simple eyes 
e), and antenne. While eee 
ity four primary segments in the 
all winged insects, corresponding to 
four pairs of appendages in the head, 


and are mainly represented by their ap- 
pendages and by small portions to which the 
appendages are attached. The Raa sien 
represents the antennal 

mostly corresponds to the tergum Rend 
ment. The antenn®, or Be are in- 


hile the two posterior ovelli } 
above the inzertion of the antenna. In 
front of the epicranium is the elypema (Pig. 
280), a piece nearly twice as broad as long. ‘To the 
is attached a loose flap, which covers the jaws when 
are at rest, ‘This is the upper lip or Jabrum (Fig, 280) 
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‘There are three pairs of mouth-appendages : first, the true 
jaws or mandibles (Fig. 278), which are single-jointed, and 
are broad, short, solid, with a toothed cntting and grinding 
edge, adapted for biting. The mandibles are situated on 
each side of the mouth. ing. Behind the mandibles 
are the maxille (Fig. 278), which are divided into three 
lobes, the inner armed with "tooth or spines, the middle lobe 
unarmed and spatula-ahaped, while the outer forms a five- 
jointed feeler called the mazillary palpus. ‘The maxille are 
accessory jaws, and probably serve to hold and arrange the 
food to be ground by the true jaws. The floor of the mouth 
is formed by the Jabium (Figs, 278 and 279), which in real- 
ity is composed of the two second maxille, soldered together 
in the middle, the two halves being drawn separately in Fiy. 
278. 

Within the mouth, and situated upon the labium, is the 
tongue (lingua), which is a large, membranous, partly hol- 
low expansion of the base of the labrum ; it is somewhat 
pyriform, slightly keeled above, and covered with fine, stiff 
hairs, which, when magnified, are seen to be long, rough, 
chitinons spines, with one or two slight points or tubercles 
on the side. These stiff hairs probably serve to retain the 
food in the mouth, and are, apparently, of the same struc- 
ture a4 tho teeth in the crop. The base of the tongue is 
narrow, and extends back to near the pharynx (or entrance 
to the gullet), there being on the floor of the mouth: 
the tongue, two oblique slight ridgos, covered wi 
golden hairs, like those on the tongue. 

‘The internal anatomy may be studied by remo 
dorsal wall of tho body and also by hardenin 


by a sharp scalpel. 

The esophagus (Fig. 281, ) is abort and curved, contin- 
uous with the roof of the mouth. There are: several i- 
tudinal irregular folds on the inner surface. z 
in the centre of the head, directly under the supra. 
geal ganglion, the end heing indicated by several small coni- 
cal valves closing the passage, thus preventing tho regurgita- 
tion of the food. The two salivary glands consist vach of a 
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kaline fluid, probably aiding in digestion. In the stomach 
(ventriculus) the portion of the food which has resisted the 
action of the crop is submitted to the action of a neutral or 
alkaline liquid, never acid, secreted by special local glands 
or by the lining epithelium. In the ileum and colon ac- 
tive absorption of the liquid portion of the food takes place, 
and the intestine proper (ileum and colon) is thus the seat 
of the secondary digestive phenomena. The reaction of the 
secretion is neutral or alkaline. The rectum is the ster- 
coral reservoir. It may be empty or full of liquids, but 
never contains any gus. Tho liquid products secreted by 
the urinary tubes are here accumulated, and in certain cir- 
cumstances here deposit the calculi or crystals of oxalic, 
uric, or phosphatic acid. Insects, says Plateau, have no 
special vessel to carry off the chyle, such as the lacteals or 
lymphatics of vertebrates ; the products of digestion—viz., 
salts in solution, peptones, sugar in solution, and emulsion- 
ized greasy matters—pass through the fine coatings of the 
digestive canal by osmosis, and mingle ontside of this canal 
with the currents of blood which pass along the ventral and 
Isteral parts of the body. 

Into the pyloric end of the stomach empty the urinary 
tubes, their secretions passing into the intestine. These are 
organs exclusively depuratory and urinary, relieving the 
body of the waste products. The liquid which they secrete 
contains urea (?), uric acid, and urates in abundance, hip- 
purie acid (?), chloride of sodium, phosphates, carbonate of 
lime, oxalate of lime in quantity, leucine, and coloring mat- 
ters. 

The noryous system of the locust, as of other insects, con- 
sists of a series of nerve-centres, or s0-culled brains (ganglia), 
which are connected by two cords (commissures), the two 
cords in certain parta of the hody in some insects united into 
one. ‘There are in the locust ten ganglia, two in the head, 
three in the thorax, and five in the abdomen. The first 

is rather larger than the others, and is called the 
“brain.”’ The brain rests upon the asophagus, whence its 
Hame, supra-msophageal ganglion. From the brain arise the 
large, short, optic nerves (Fig. 281, not lettered, but ropre- 
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the antennal nerves (Mig. 281, af). The simple brain of the 
locust may be compared with the more complicated brain of 
an ant, as seon in Fig. 284. 

The infra-asophageal ganglion (Fig. 283, if), as its name 
implies, lies under the esophagus at the base of the head, un- 


Fg. 2H.—Right half of an ant's-oraln: 12, Intra-ceophsgeal 

WrSainal onottetive psrtions Wr cami-ticular bosien of tae al 

‘the heatn lying mext hese! aoa 
‘dw. 


Se ea 
ington, —Afver Leydig, trom Graber, 

derubridge of chitine, and directly behind thetongue. It in 
eonnected with the supra-sophageal ganglion by two com- 
misiores passing up each side of the oophagus. From the 
Gnder side of the infra-sophageal ganglion arise three 
Pairs of nerves, which are distributed to the mandiblos, 
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posterior edge of the mesothorux. ‘There are eight abdominal 
spiracles, the first one situated just in front of the auditory 
sac or tympanum (see Fig. 279), and the remaining seven are 
small openings along the side of the abdomen, as indicated 
in Fig. 286. From these spiracles air-tubes pass in a short 
distance and connect on each side of the body with the spi- 
racular trachea (Pig. 286, 8, Fig. 287, 8) as we may call it. 
‘The air-tubes consist of two coats, with several short spiral 
threads wound around the tube (Fig. 288). ‘These spiracu- 
lar trachew begin at the posterior spiracle, and extend for- 
ward into the mesothorax, thore subdividing into several 
branches. Branches from them pasa to the two main ven- 
tral trachow (Fig. 286, v), and to the two main dorsal tra- 
chew (Fig. 286, D, Fig. 287, D). The main tracheal sys- 
tem in the abdomen, then, consists of six tubes, three on a 
side, extending along the abdomen. The pair of ventral 
traches extend along the under side of the digestive canal ; 
the dorsal trachem rest on the digestive canal. These six 
tubes are connected by anastomosing trachem, and, with 
their numerous subdivisions and minute twigs and the sys- 
tem of dilated traches or air-zacs, an intricate network of 
trachew is formed. 

The system of thoracic air-tubes is quite independent of 
the abdominal system, and not s0 easy to make out. The 
tubes arising from the two thoracic stigmata are not very 
woll marked ; they, however, send two well-marked trachew 
into the head (Fig. 286, ¢, Fig. 287, ¢), which subdivide into 
the ocular dilated air-tube (Fig. 286, oc, Fig. 287, oc) and a 
number of air-sacs in the front of the head. 

‘The series of large abdominal air-sacs, of which there 
‘are five pairs (Fig. 287, 3-7), arise independently of the main 
trachow directly from branches originating from the spira- 

| cles, as seen in Fig. 286, They are large and easily found 
‘by raising the integument of the back. There is a large 

| _ in the mesothorax (Fig. 287, 2) and two enormous sacs 
the prothorax (Fig. 287, 1), sometimes extending as far 


back as the anterior edge of the mesothorax, All these sues 


are superficial, lying next to the hypodermis or inner layer 
of tho integument, while the smaller ones are, in many cases, 
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buried among tho muacles. Bosides the ordinary air-saca, 
there is in the end of the abdomen, behind the ovaries, a 
plexus of six dilated air-sacs (Pig. 287, I, II, III), which 
aro long, spindle-shapod, and are easily detected in dis- 
secting. 

There is a system of dilated trachew and about fifty air- 
suce in the head. 

In the legs two traches pass down each side of the fomors, 
sending off at quite regular intervals numerous much-branch- 
ing, transvorse twigs ; there is one large and a very small 
trachea in the tibia, and the main one extends to the ex- 
tremity of the last tarsal joint. 

By holding tho red-legged locust in the hand, one may 
observe the mode of breathing. During this act the por- 
tion of the side of the body between the spiracle and the 
pleurum (Fig. 278, A) contracts and expands ; the contrac- 
tion of this region causes the spiracles to open. The gen- 
eral movement is caused by the sternal moving much more 
decidedly than the tergul portion of the abdomen. When 
the pleural portion of the abdomen is forced out, the soft 
pleural membranous region under the fore and hind wings 
contracts, as does the tympanum and the membranous por- 
tions at the base of the hind legs. When the tergum or 
dorsal portion of the abdomen falls and the pleurum con- 
traots, the spiracles open ; their opening is nearly bat not 
always exactly co-ordinated with the contractions of the 
plourum, but asa rulo they are. There were sixty-five con- 
fractions in a minute in a locust which had been held be- 
tween the fingers about ten minutes. It was noticed that 
when tho abdomen expanded, the air-sacs in tho first ab- 


Glerfoation of alrtubee, (in chen) and sirenen olde view of 
A Sinn teeta foal o0e : Tematal 
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The antenna are, in the locust, organs of tack The 
palpi are not only organs of touch, but probably, as = some 
other insects, are endowed with the sense of tuste, ensbiime 
the locust to discriminate between the diferent kinds of 
food, and select that best sdapted to exit ite wants I iy 
possible that the Jabial nerves send branches of special seme 
to the tongue. 


ling or stridulating sound by robbing ther bod lege 
against their folded wing-covere, and this noie ix s wroal 
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face of this membrane are two horny processés (on), to which 
ia attached an extremely delicate vesicle (di) filled with s 
transparent fluid, and representing a membranous labyrinth. 
This vesicle is in connection with an auditory nerve (m) 


be oad has sats gan 
passive ange of panting —Ateer 


which arises from the third thoracic ganglion, forme s gan- 
glion (ge) upon the tympanum, and terminates in the im. 
modinte neighborhood of the labyrinth by s collection of 


— 
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and anal veina. So that the wings of insects act as lungs 
ax well as organs of flight. For the latter purpose, the 
principal veins are situated near the front edge of the wing, 


Mu ing ami deca of fovea 


called the costa, and thus the wing is ccieacd the 
most strain comes during the beating of the air in flight. 
‘The wing of an insect in making the strokes during flight 
describes a figure 8 in the air. A fly's wing 
makes 330 revolutions in a second, executing 
therefore 660 simple oscillations. 
‘The sexes are always distinct in insects, the 


ealled Tardigrada und Linguatulina, in which 
both sexual glands occur in the sume indi- 
vidual. The testes of the common red- 
locust form a single mass of tubular 
resting in the upper side of the third, 
and fifth segments of the hind body. 
and 297 represent this structure in 
The ovaries consist of two suts 
about twenty long tubes, within which the 
may be found in various stages of de- 
The eggs pass into two main 

unite to form the single oviduct copie: 

on the floor of the abdomen. ates) sim—at 
on a the oviduct is the sebific 

its duct. This gland secretes a copious supply of 
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appendages bad out from the under side of the primitive 

band, and antenna, jaws, legs, ovipositor (or sting), and the 
abdominal feet of caterpillars are at 
first all alike. Soon the 
begin to assume the form seen in 
the larva, and just before the insect 
hatches the last steps in the elsbora- 
tion of the larval form are taken. 


of the salivary glands precedes 
nary tubes, which, with the genital glands, are 
originally offshoots of the primitive digestive 
tract. Finally the heart is formed. 

When the insect hatches, it cither cuts its way 
through the egg-shell by a temporary egg-cut- 
ter, as in the flea, or the expansion of the 


as in the grasshopper, burst the 
The serous membrane is left in 


bee 


principal change from the larval to the 
is the acquisition of , 
Tn such insects, then, as the Orthoptera 
Hemiptera, in which the adults differ from f°! 
newly hatched larva mainly in the posses- lyr. 
of wings, metamorphosis is said to be in- = 
In the beetle, butterfly, or bee, the metumorphonis 
3 the caterpillar, for example, is a biting insect, 


till 
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is voracions, and leads a different life from the quiescent, 
sleeping pupa or chrysalis, which takes no food; on the 
other hand, the imago or butterfly has mandibles, which 
are rudimentary, and incapable of biting, while the maxillm, 
or “tongue,” which were rudimentary in the caterpillar, 
become now greatly developed; and the butterfly takes 


mode of life are entirely changed with its acquisition of 
wings. Thus the butterfly leads three different lives, differ 
ing greatly in structure, externally and internally, at ther 
three periods, and with different environments, 
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Most caterpillars moult four or five times; at each 
monlt the outer Inyer of the skin is cast off, the new 
skin arising from the Aypodermis, or inner layer of the in- 
tegument. The skin opens on the back behind the head, 
the caterpillar drawing itself out of the rent. In the 
change from the caterpillar to the chrysalis, there are re- 
markable transformations in the muscles, the nervous, 
digestive, and circulatory system, inducing a change of 
form, external and internal, characterizing the different 
stages in the metamorphosis, 

While the changes in form are 
comparatively sudden in flies and 
butterflies, the steps that lead to 
them are gradual. How gradual 
they are may be seen by a study of 
the metamorphosis of a bee. In 
the nest of the humble or honey 
bee, the young may be found in all 

from the egg to the pupa 

guyly colored and ready to emerge 
from its cell. It is difficult to 
indicate where the chrysalis stage 
begins and tho larva stage ends, 
yet the metamorphosis is more 
complete—namely, the adnlt bee 
is more unlike the larva, than in 
any other insect. 

Besides the normal mode of de- r 
velopment, certain insects, as the , Piz. 86.—Fmbryo of tha Lanse. 
plant-louse (Aphis), tho bark-louse gr xstouns sr Torhend ales 
(Coceus), the honey-bee, the Po- a 

wasp, the currant saw-fly (Nematns), the gall-flics, 
and a few others, produce young from unfertilized eggs. 
Cortain moths, as the silk-worm moth (Bomdyx mori) and 
others, have been known to lay unfertilized eggs from which 
caterpillars have hatched. This anomalous mode of repro- 
duction is called parthenogenesis, and fundamentally is only 
a modification of the mode of producing young by budding 
which is universal in plants, and is not unusual, as we have 
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longing, at least the May-fly, to existing families, appeared 
in the Devonian period, it is reasonable to suppose that in- 
sects must have inhabited the dry land of the Silurian 
period. 

Insects are divided into four sub-divisions or sub-classee— 
ie, the Malacopoda, the Myriopoda, the Arachnida, and 
the six-footed, winged insects, or Hexapoda. All agree in 
breathing by air-tubes, and in having in most cases a tri- 
regional arrangement of the segments of the body. By some 
wuthors the three higher groups are regarded as independent 
classes, but they are all modifications of a general insect 
form, with similar mouth-parts, a single pair of antenne, 
when these organs are present, with no palpus to the man- 
dibles, and with other characters which render the class 
Insecta equivalent to the class Crustacea. 

Sub-class 1. Malacopoda,—This group is represented by 
# single animal, the strange Peripatus of tropical coun- 
tries, in which the body is cylindrical, tho integument, an- 
tennm, and limbs soft, not chitinized, with the head not 
separate from the body, and bearing « pair of many-jointed 
@xtensible antenne, with two pairs of rudimentary jaws 
(mandibles and maxillw), and from fourteen to thirty-three 
pairs of feet (according to the species). This animal differs 
from other Arthropods in tho fact that there aro two widely 

nervous cords sent backward from the brain ; 
also in the minute, numerous tracheal twigs arising from 
fumerous minute oval openings (rudimentary spiracles) 
tituated irregularly along the median line of the ventral 
warfaco of the body. The fect are soft, fleahy, and ond in 
two claws. Poripatus is viviparous. According to the 
description and figures of Mr. Mosoley, tho young devolop 
much asin the chilopodous Myriopods ((eophilus), show- 
ing that Peripatus is nearer to the Myriopods than any 
other group. That it is a tracheate animal was also proved 
by Mr. Moseley ; but owing to the nature of the nervous 
system and the minute trachow and their numerons irregular 
#pirdoular openings, with no chitinous edgo, this form cannot 
be placed among the Myriopods. On the other hand, it hus 
#ome featires recalling the Linguatulina and Turdigrada, 
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The type of the sub-class is the spider, which is character- 
ized by the pos- 
session of two 
or three pairs 
of spinnerets, 
which are 
jointed ap- 
pendages _ho- 


mologous with 


Zw spiders have o 

Of & splder, Glegram: sini so-called lung 

oe ieee a ee el me (Fig. 311, L), 

me compoacd of 

several leaves, 

ie into which tho 

blood flows, 

and is thus aérated. In ici the blood flows through the 
| heart from tho head backward. Thore is a great range of 


there being but a single 


ganglion in the abdomen. 
Order 1, Acarina.—The 





hatched having 
jirs of legs, the fourth (and last) pair being added 





po Fn 


the skin, anchoring itself firmly by means of the backwanl- 
pointing teeth of its jaws, ae acini a 
cheese and sugar mites (Fig. 314, Zyroglyphus 

The sea-mites, Pycnogonida, aro marine forms, wit 
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air-tubes, with four pairs of long legs, into which caval 
prolongations of the stomach pass, as seen in Fig, 315. 


AIT. Mitnentun fordigredvum, r. M18. —Caratinn econ (Bothwe 
ot 3 d,allmen- OnSinlncusy Moruet'does 
H ‘The lowest mites comprise remarkable worm-like Acarina, 
called Linguatulina. The young are mite-like, the body 
spherical, with boring jaws, and two 
_ pairs of short-clawed fect. Pentas- 
toma (Pig. 316) occurs in the lungs 
and liver of man, and in horses and 


Turdigrada or bear animal- 
ules (Fig. 317) ure a etep higher 
in the scale of mite life. In these 


a sphagnum swamps. _ rig, s19,—Chelyyercancroutes. 
"Like the Rotatoria, those low mites ™axited! 
aré capable of revivifying ufter being apparently dead and 
up. 





TRAP-DOOR SPIDERS. 363 


holes in the ground, and sometimes conceals the opening by 
vovering it with u few dead loaves. Our largest spider is 
Nephila plumipes of the Southern States. The common 

spider is Xpeira vulgaris Hentz. It lives about 


=I of tho Spider —A, worm-like stage; 3, primitive band : 
he sama mare eben with redraft 


houses and in gardens; its geometrical web is very regular, 
The large trap-door spider (Mygule) has four lung-sacs in- 
stead of two, ua in the other spiders, and only two pairs of 


spinnerets. Mygale Henzii Girard 
inhabits the Western plains and 
Utah ; Myyale avioularia Linn, of 
South America is known to seize 
small birds, and suck their blood. 
There ure probably about six or 
eight hundred species of spiders 
im North America; their colors 
are often brilliant, and sometimes, 
from the harmony in their colora- 
tion with that of the flowers in 
which they hide, or the leaves on 
which they may rest, clude the 
grasp of insectivorous binds. 


nif, Mt. Embryo Spider, ost 
Fig. 8) 


Sub-class 4. Hexapoda.—Tho ie Cia, 
triregional division of the body is better marked in the 
j4ine winged insects than in the Myriopods and spiders. 
have compound as well as simple eyes; two pairs of 
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wings ; three pairs of Viceetn Bee ee jointed 
abdominal appendages, besides the 


morphologically represents three pairs of 

There are eight orders, 

Holerometabola, comprising feuroplere, 
Orthoptera, Hemiptera, and Coleoptera, in which the moeta- 
morphosis is either incomplete or complete; the ae 
shows a tendency to become flattened; the 

usually large and flattened ; the mouth-parta (except in ihe 
Hemiptera) adapted for biting, There are a number of 
wingless forms, 

The second series of nd Metabola, com 
Diptera, Lepidoptera, wx [ymenoptera, 
cylindrical body, with the prothorax small, the month-parts 
often adapted for sucking or lapping up liquid food ; with 
a complete metamorphosis, the larva being worm-tlike, 
cylindrical, very unlike the adult. 

Order 1. Thysanura.—Tho spring: tails (Podure) and 
bristle-taila (Zepisma) represent this group. ‘They an 
wingless, with some afinition 10 the Myriopods, und the 
typical form Campodea (Fig. 324) is rogarded as the ance 

tral form of the six-footed insects, aa it isa 
generalized type, and forms like it may hare 
been the carliest insects to appear, 

In Podura, the wpelig (ait a and nlso in 


a forked abdominal 

held in place by a hook ; whon released thi 

spring darts backward, sending the insect 

tai, high in the air, 
z Our commonest Poduran ix Tomoeeris 
plumdens Linn, (Fig. 323), found all over the northerm 
hemisphere in North America and Europe. ‘The show-lin, 
Achorntes nivicola Fiteh is blne-bluck, and is éften sean 
leaping wbout on the snow in forests, + 
The Podarans belong’ to the suborder | 

higher forms, which bear a greater 


of Neuropterons insects and to the a eee 
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the Cinura, to which belong the genera Campodea (Fig. 
324), Lepisma, and Machilis, 

Tn these Thysanura there is no 
spring, but the tail ends in two or 
three bristles; and in Machilis, 
the highest form, there are com- 
pound eyes; in all there are 


EO 


Fig, S28.—A Podnran (Tomocerws) and its scales. Much enlanged. 


form, with long, many-jointed an- 
tennm, and two long, slonder jointed 


Nowroptora,—This group 
med insects is interesting 
fact that the oxiating 
are widely separate, owing 
geological extinction of inter- 
links found fossil in the 
and Carboniferous strata. 
mouth-parts are free, adapted 
; the wings are broad, the 

sometimes larger than mnodinies bystlin 

ir, and both pairs aro fincly net-veined, The 








‘Wig, 2T-—May-Ay and larva, the later enlarge. Mimicry among insects 

; is Mantispa (Fig. 330), 

which, in its raptorial fore-legs, strikingly resembles the 
Mantis (Fig. 333). 

_ ‘The white ants top the Neuropterous series ; they live in 

‘stumps and fallen trees, and in the tropics do much harm 


by undermining the sills 


the workers being small, ant-like, with amall round 
ile the soldiers have large square heads, with long 





Atrion yallds conga) Mea eee 
Order 8. Orthoptera.—The insects of group, 50 
from the straight-edged fore wings of the grasshoppers, 


 Bii.—Proahly-hatehed 
aatligns L-> tyrtaca. ap ir ha! bi 


locusts, crickets, etc., is characterized by their not-yeine! 
wings and incomplete metamorphosis; they are connected 
closoly with the Neuroptera by the ear-wig (Bipjfeuli) 
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Organs of hearing may be situated either on the fore legs, 
ws in the green grasshoppers, katydids, or at the base of 
the abdomen, as in the locusts, Most Orthoptera have a 
large ovipositor by which they burrow in the earth or into 
soft wood, and deposit their eggs singly or in masses. 
Mantis (Fig. 333) lays its eggs in a cocoon-like mass. 

Many Orthoptera, as the crickets, green grasshoppers, 
katydids, etc., and locusts, produce loud, shrill sounds, 


Lg ra African Mantis, of eootheayer, with tts epgmass.—IFrom Monteiro's 


which are sexual calls, They stridulate in three ways— 
4.¢., first, by rubbing the base of one wing-cover on the 
other (crickets and green grasshoppers) ; second, by rub- 
bing the inner surface of the hind legs against the outer 
surface of the front wings (some locusts); third, by rub- 
bing together the upper surface of the front edge of the 
hind wings and the under surface of the wing-covers during 
Hight (2ome locusts). 
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Order 4, Hemiptera.—tInsects of this group are called 
bugs. They all (except the bird-lice and Thrips) havo 

sucking mouth-parts, the mandi- 

bles and first maxille are bristle- 

like, and ensheathed by the labium 

or second maxilla, There are no 

palpi except in Thrips and the 

bird-lice. The metamorphoses are 

incomplete, the larva being like the 

@ adult, except that the wings are ab- 

sent. Many bugs secrete a disa- 

cultisth que. greeable fluid from glands seated in 
bag, the metathorax. ‘The lice are low, "¥,E- 

wingless parasitic Hemiptera. The 
squash-bug (Fig. 334, Corens fristis) and chinch-bug (Blis- 

sus leucopterus Uhier) are types of the order, 


Fig. 5M. —Seventecn-year Loenst. a, 5, papa; d, inctwlons for mee. —Afier Hider 
An aberrant form is Thrips (Fig. 385, Thrips cerealivm), 


with long, slender white wings and free biting mouth-parte 
While most insects live but a year or two, or three ab the 
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Pig. 336) lives over sixteen years as a larva, Snishing its 
transformations on the seventeenth ; there is also, accord- 
ing to Riloy, a thirteon-year variety of this species, 


mnie, fonsalg tur wie ad 
enlarged. 


mRaecaee nt < trm mies 


The froth inaect (Ptyelus lineatus, Fig. 337) abounds on 
grass in early summer. The cochineal insect (Coccus cacti) 
belongs to the Coccide, or bark-lice; the dried female is 
used us a dyestuff, and abounds in Central America. 

‘The plant-lonse (Fig. 339, Aphis mali Fubr.) is provided 
with two tubes on the hind-body from which honey-dew 


Vig, S30—Apple Apbie, Natural eine and enlarged. 


drops, which attracts ants, wasps, etc. In summer the 
plant-lice reproduce asexually, and as there may be nine or 
one virgin aphis may become the parent of 

na of children and grand-children. 
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Order 5. Coleoptera.—The beetles form a homogencoas 
and easily circumscribed group, all having the fore-wings 
thickened, not used in flight, and forming sheaths (elytra 


Fig. 30.—Pine weevil. a larva; 6, papa. 


or wing-covers) for the hinder pair, The mouth-parts arr 
free and adapted for biting. The metamorphosis is com 
plete. The young or larvw of beetles are called grubs 
Examples of beotles and their transformations are the pine 


Fig, 241-—June Beetle nod tts transformations, 1, prapat 2 terre —AMar Iiiey 


wooevil (Fig. 340, Pissodes strobi Peck.) and the Juno beetle 
(Fig. 341, Lachnosterna fusca Frohl,). ‘The oil beetle is 
remarkable for passing through three Iarval stagos (Fiz 
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342, Melo@ angusticollis Say), the first larva being minute 
and parasitic on bees, sucking their blood, while in the 


Fig. 42 —Oll Beetle. a, firvt barva; b,rccond ler; ¢, tind larva ; «, papa. 


second and third stages it feeds on the pollen mass designed 
for the young bees. 


Wig. Bik —Aiplope childrens, mate, dorsal and aide view. Much enlarged. 


The blister beetles (Zytla marginata) undergo a similar 
weries of transformations called a hypermetamorphosis, 
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in all directions. A few beetles are phoepir=sxct. 9 Such 
are the fire-flies, the cucsye of the Wet inden che ioe 
worm, and certain grobs, scck a» Aetreyter Gieecinctee 
(Fig. 345), Melenactes, and the young of a euapgems bert 


Fig. 067. — Bot ty of Saree eal Bete 


We now come to the second series of orders, the Mete- 
bola. 

Order 6. Diptera.—The commen bouse-iy 25) ix 
atype of this division, all the members of which bare bet 
two wings, while the tongue ix especially developed for lep- 
ping up liquids) The common house- 
fly lives one day in the egg state, from 
five days to a week os a maggot, and 
from five to seven deys in the pops 
state, It breeds about stables. 

‘The Tachina-fly is beneficial to man, 
from its parasitiem in the bodies of 
eaterpillars and other injurious insects. 

The bot-fly (Fig. 347, Hypoderma 
Bovis DeGoor) it closely allied to the .eS\—Sr7~ stew 
house-fly, but the maggot is much 
larger, Tho larval bot-fly of the borve lives in the stomach, 
that of the sheep in the frontal «inna. 

The Syrpbus flies (Fig. 348, Syrphus politus Say) mimic 
wasps ; they are most useful in devouring aphiden. 








eoeet cs 


slender, 


we will only — rye. s2—tend of Misuse enlaeel a, 


some of tho: Muasurs paipi: tp, talon. 
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typical forme The lowest group are the plame-mothe 
(Plerophorus), in which the wings are fissured. Above 


m» 


ig. 3S.—Grain Moth, a, tarva ¢ \ipeea it wel 
of rr Mas as gat. ra 


wee 


Vig. 84.—Army-worm ih. of, monte § iyianaes eyes d, male ¢ portioa of 
temalowwionna, "Such Hfied. After Riley, mrs. - 


thom stand the clothes and grain moths (Pigs. 354 and $25), 
which aro minute moths with narrow wings. 
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‘The larger moths are represented by the canker-worm, 
tho grass army-worm (Fig. 356), and the cotton army-worm 
(Fig. 357), so destructive to 
vegetation; the silk- worm 
moth (Bombyz mori Linn.), 
of the Old World, and the 
American silk-worm (Telea 
Polyphemus Linn.). Certain 
species of the silk- worm 
family, called basket-worms 
(Giceticus), live in cases con- 
structed of short or long strips 
(Fig. 358). Our native species 
is Thyridopteryx ephemerafor- 
mis Haworth. 

The hawk-moths (Sphinz) are distinguished by their 
largo size and verylong tongue. The butterflies differ from 
the moths in having knobbed anten- » 
naw, while the chrysalides are often 
ornamented with golden or silvery 
spots, 

Order 8. Hymenoptora.—The bees 
stand at tho hend of the insect series 
in perfection and specialization of 
parts, especially the organs of the 
mouth, and from the fact that in the 
course of the metamorphosis from 
the larva to the pupa the first ab- 
dominal segments become transferred 
to the thorax—a striking instance of 
the principle of transfer of parts 
headward. Tn the large head, spheri- 
eal thorax, and short, conical abdo- 
men, the bees are opposed to the 
dragon-flies and other Neuroptera, 
in which the abdomen is long, the ,2e,"%—Cwy, ot Mrlcun 
thorax composed of three homogene- 

‘ous segments, and the mouth-parts only adapted for biting. 
In the bee there is a marked differentiation of the parts of 
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the firet and second maxilla ; the tongne or fleshy prolongs- 
tion of the second muaxillm (/abium, see Fig. 359, 9) boing 
very long and adupted for lapping up liquid food in the 
bottom of flowers. 

The Hymenoptera are represented by the euw-flios, the 
gall-flies, the ichneumon-flies and the ants, the sand-wusps, 
mud-wasps (Fig. 368), papersnaking wasps, and bees. 

The lowest family is the Urocerida, or horn-tails (Fig. 
360, larva of Tremex columba Linn.), whose fleshy white 


Ic, ntow,of the front part ofthe head of the Eusahte Mew 
ide Rais fet oP 
pall Uf) a J. the ablum te which Ue 
‘Une labial palj the two banal Joluts + &, compo 
larve bore in trees. ‘The adults are large, with # long, si 
like tor, In the suw-flios (Zenthredinide, Fig. 361, 
the pear-slug, Selandria cerast Peck) the larva strongly r- 
sombles a caterpillar, having eight pairs of abdominal foot, 
Tho gall-flies (Fig. 362, Oynips) ave small Hy 

which lay eggs in the leaves or stems of the oak, ote., which, 
from the irritation set up by their presence, canses tha de 
formation termed a gall. 





i 
). 
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‘The ichneumon-flies (Fig. 363) are very numerous in 

cies and individuals ; by their ovipositor, often very ond, 
they pierce the bodies of caterpillars, inserting several or 
many eggs into them ; the larve develop feeding only on 
the fatty tissues of their host, but this usually causes the 
death of the caterpillar before its traneformation. Certain 
minute species, with veinless wings (Fig. 364, Platygaster), 
of the canker-worm oggs, are egg-purasites, ovipositing in 
the eggs of butterflies, dragon-flies, ote. 


‘The family of ants is remarkable for the differentiation 
of the species and the consequent complexity of the colony, 
the division of labor and tho reasoning powers manifested 
by the workers and soldiers, which, with the males and 
females, constitute the ant-colony, 

Certain ants enslave other species ; have herds of cattle, 
the aphides ; build complicated nests or formicaries (Fig. 
860), tunnel broad rivers, lay up seeds for use in the winter- 
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their leaf-cutting habits ; the soldiers have large triangular 
heads, while the workers have much smaller rounded heads. 


Big. 367 represents a species of Heiton. 


The mud-daubers (Polopaus, Fig. 308) build their nosts 
against stone walls, of pellets of mud, while the sand- and 
mud-wasps dig deep holes (Tig. 309, Sphexr ichnenmonea 


Vig. 6O—Sanid-wasp (SpAex}, Natural stzo, 


Linn.) in gravelly walks, and have tho instinct to sting 
grasshoppers in one of the thoracic ganglia, thus paralyzing 
the vietim, in which the wasp lays her eggs; the young 
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pollen in some subterranean mouse-nest or in @ stump, and 
the young hatching, gradually eat the pollen, and when it 
is exhausted and they are fully fed, they spin an oval cylin- 
drical cocoon ; the first brood are workers, the second males 
and females. The partly hexagonal cells of the stingless 
bees of the tropics (Melipona) ure built by the bees, while 
the hexagonal cells of the honey-beo are made by the bees 
from wax secreted by minute subcutaneous glands in the 
abdomen. Though the cells are hexagonal, they are not 
built with mathematical exactitude, the sides not always 
being of the same length and thickness. 

The cells made for the young or larval drones are larger 
than those of the workers, and the single queen cell is large 
snd irregularly slipper-shaped. Drone eggs are supposed by 
Daierzon and Siebold not to be fertilized, and that the queen 
‘boo is the only animal which can produce either sex at will. 
Certain worker-eggs have been known to transform into 


queen bees. On the other hand, worker-bees may lay 
drone eggs. The maximum longevity of a worker is eight 
months, while some queens havo beon known to live five 
years. The latter will often, under favorable circum- 
stances, lay from 2000 to 3000 eggs aday. The first brood 
of workers live about six weeks in eummer, and are sue- 
ceeded by a second brood. 


Otan IL.—INSECTA. 


A itlatinet head, oraz, and abdomen ; breathing by tracker ; wawally 
with a metamorphonie 
Sun-cusss I. Malecopete.—Numerous simple spiracular openings with 
isolated tracheal twigs ; nervous aystem with an incomplete 
chain of minute ganglia, ut the cords widely separnted 
(Peripatus). 


Sowcrass 11. Myriopeda.—Thorax and abdomen forming a continuoas 
region, with from six to two hundred joints, exch bearing » 
pair of genuine legs 

Onter 1. Chilagnatha,—Body cylindrical or flattened, with no 
sternum; 9 distinct metamorphcwis (Julas, Polydesmur), 
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Onier 7. Lepidoptera, — Body and wings covered with scales ; 
maxillx lengthened into a very long tongue; larve 
(caterpillars) with abdominal Jegs (Tinea, Geometra, Noctua, 
Bombyx, Sphinx, Pupillo). 


Order 8, Hymenoptera,—Wings clear, with tow reins; mouth. 
parts with a» variety of functions, f¢., biting, lapping 
liquids, ete, In the higher families the thorax consists of 
four segments, the frst abdominal segment of the larva 
being transferred to the thorax In the pupa and imago. 
Metamorphosis complete, (Tenthredo, Cynips, Ickneumon, 


Bphex, Vespa, Apis.) 


TABULAR View or tie Sun-crasses axp Oxpxns or 
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AMACIENIDA. Mynropopa. 


} 
INSECTA, 


Work.—In dissecting Myriopods, spiders and insects, the 

dorsal portion of the integument should be carefully removed with 
lhe hypodermis untouched ; this should then be 

paléed, disclosing the delicate heart or dorsal vessel. The alimentary 
jeanal will be found passing through the middle of the body ; it ehould 
be laid open with the scineors, or better, a hanlened aleoholic speckmen 
ean readily be eat in two longitudinally, and If the section bs trae, the 
eophagus and crop—for example, of a Iocust—can be lald open, and 
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the rows of teeth examined. The thoracic and abdominal portlons of 
the nervous system, which lies loosely on the floor of the bedy, can be 
readily found by raleing the alimgontary canal; but the brain and inf 


cmophageal ganglia can best be detected by a longitudinal section f 
the head. The ovaries always He above the intestine, and the two 
oviducts unite below the nervous cord to form the common duct which 
opens on the ventral side of the third segment in front of the anus 
which is situated dorsally. Insects should be dimsected in a shallow 
pan lined with wax or cork, and the parts floated out ; fresh specimens 
are desirable. The body may also be dissected, each segment with its 
appendages being separated and glued in their trac sequence toacart 
By simply dissecting an insect in this way, the student will acquire « 
valuable knowledge of the external structure of Insects, 





CHAPTER VIII. 


BRANCH VISL—Venressata. 


_ General Characters of Vertebrates.— The fundamental 
characters of the Vertebrates are not the posscasion of a 
, segmented vertebral column, enclosing a nervous cord and 4 
skull, and containing a genuine brain, for these features, 
though common to most Vertebrates, are wanting in the 
Hancolet (Amphiorus) and in s degree in the hug-fish, and 
eyen the lamprey ; but the essential character is the division 
} Sd the body-cavity by the notochord (in the lancelet, ete.), 

the back-bone of higher Vertebrates into two sub- 
retin cavities, the upper (nearal) containing the nervous 
cord, and the lower (enteric) the digestive canal and its ap- 
pendages and the heart. ‘These are the only characters which 
will apply to every known Vertebrate animal (compare p. 226 
with Figs. 371, 375 and 376.) 

In |, however, the Vertebrates aro distinguished 
from the members of the other branches by the following 
characters ; they are bilaterally symmetrical animals, with a 
dorsal and ventral surface, a head connected by a neck with 
‘the trunk ; with two eyes and two ears, and two nasal open- 
‘ings, always occupying the same relative position in the head ; 
an internal cartilaginous or bony, segmented skeleton, con- 
sisting of yertebr#, from the bodies of which are sent off 
dorsal processes which unite to form a cavity for a spinal 
cord, the latter sending off spinal nerves in pairs * correspond- 
ing to the segmentations (vertebre) of the spinal column. 


ead Amphioxas, fs which tho spinal serves arlso right and 











From the underside of the vertebre are sent off process 
articulating with the ribs, which enclose the digestive and 
central circulatory organs. There is a skull formed by a con- 
tinnation of the vertebral column, enclosing a genuine brain, 
consisting of several pairs of ganglia. To the vertebral col- 
umn are appended two pairs of limbs, supported ir 
regularly repeated, or a series of food cba tatitic onehe, 


S6@ 


<2 Sarma gunna per 


eter tar aa ae fen to he ie fee Sa 


attached to the vertebral column by a series of bones called 
respectively the shoulder and pelvic girdle. 
‘It will be observed that the fact of sogmentation, so prom- 
inent a feature in the Worms and Arthropods, survives, or at 
t reappears in a marked degree in the Vertebrates, a 
not only in the vertebral column, but in the 
of the spinal nerves. It is perceived also in the 
of the muscles into masses corresponding to the vertebr; 
e segmental organs or tubes forming the hepichy af 
sand rays, while segmentation is 


igestive canal consists of a mouth with lips or jaws, 

h teeth, a pharynx leading to the Tungs ; 1n aneopil: 

yroid gland ; sometimes a crop (ingluvies), often 

(proventriculas) ; a stomach and intestine, 

‘ nd vent. Into the beginning of the intestine past 
duct veading from a large liver, usually provided with a 

bladder, a pancreas, and a spleen. The products of 

do not pass through the walls of the stomach and dit 

outer the cirenlation, as in the invertebrates, but thens is& 
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system of intermediate yeasels called the lacteal system or 
absorbents, which take up the chyle from the digestive or- 
gans and convey it to the blood-veasels, 

‘There is u true heart, with one, generally two, auricles, and 
‘one or two ventricles with thick, muscular walls, and besides 
arteries and veins, a capillary system, i. ¢., minute vessels 
connecting the ends of the smaller arteries with the smaller 
veins. There are no genuine capillaries in the lower animals 

comparable with those of the Vertebrates. 

‘The blood is red in all the Vertebrates except the lancelet, 
and contains two sorts of corpuscles, the white corpuscles 
like the blood-corpuscles of invertebrates, and red corpuscles 
not found in invertebrates, and which are said by some 
authors to be derived from the white corpuscles, 

While fishes and larval Amphibians breathe by gills, all land 
and amphibious Vertebrates breathe the air directly by means 
of cellular sacs called Ings, and connected by a trachea with 
the pharynx, the trachea being situated beneath the msopha- 
gus, and the opening from the mouth into the pharynx lead- 
ing into the trachea being placed below the throat or passage 
to the oeophagus. Tho air filling the cells or cavities of the 
Tungs passes by osmose through the walls of the cells into the 
blood sent by the heart through the pulmonary artery, and 
after being oxygenated it returns by the pulmonary vein to 
the heart. On the other hand, carbonic acid passes from 
the blood out of the lungs through the trachea. 

‘Tho nervous system of Vertebrates consists of a brain and 

cord. The brain consists of four pairs of lobes, i. ¢., 
olfactory lobes, cerebral hemispheres, the optic thalami 
jalon) and pineal gland, and the optic lobes; and 

two single divisions : the cerebellum and the beginning of the 
spinal cord, called the medulla oblongata. The olfactory lobes 
are the most anterior, and send off the nerves of smell to the 
nose. The cerebral hemispheres in tho fishes and amphibians 
are little larger than the adjoining lobes, but in the reptiles 
heeome larger, until in the mammals, and especially in the 
pes and man, they fill the greater part of the brain-box and 
overlap the cerebellum ; the latter, in the mammals, also 
exceeding all the other lobes in size, excepting the cerebrum 
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Optic cetera bigemiza or quadrigemina (meseo- 
cep! 
Mid brain.) Crura cerebri. 
Optic ventricle or Iter a tertio ad quartum ventricalum. 


Corebellam (with its ventricle and the pons varolii, form- 
‘Hind brain. 
Medalla 


‘The accompanying sketches represent the typical nervous 
system of an amphibian, which also resembles that of many 
fishes, and even the lower Reptilia, 

The spinal cord (Fig. 374) usually 4, 
extends through the whole length of 
the spinal canal, except in the toads 
aud frogs, birds and many mammals, « 
where it stops ehort of the end of ite 4 
canal, In those Vertebrates with ~ 
limbs, the cord enlarges where the 
nerves which supply them are sent off ; 
these are the cervical or thoracic, and 
Inmbar enlargements, especially large 
in turtles and birds, The white and 
gray substance of the brain continues 
im the cord. 

As the most essential characteristic 
of Vertebrates is the internal skeleton 
{endoskeleton) we will enter more into 
detail in describing it, and afterwards 
notice the external skeleton (exo- 
skeleton). ero ea 

In the embryos of higher Vertebrates sore. 4. / ho 


factory. lob 


and in the adnit Lancelot, hag-fish and hemispheres : :. Nostts tetten 


lamprey, the vertebral column is rep: foseeita eae ‘erento 
resented by a rod-like axis (nofochord cont id eral int’ "River 
orchorda dorsalis) which is composed oe 

of indifferent, or only partly organized cells, the substance 
of the chord resembling cartilage. These chordal cella secrote 
a membrane called the chordal sheath, The notochord is not 
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segmented. In all Vertebrates above the lamprey, the verto- 
bral column grows around the notochord, which finally 
J. 


A Fra. 3m, 
g. S14. section through the cord calf. anterior, 
partition iongiandinal hasare 1: eesti espa at sete, peng 4 
tant MOKM: Ge r column of the white wal 7k os 
sion through the vertovra colaenn of Neamecrstes 
ig. 8%0,—Bection through the vertebral colamn of Maamproy). CA, te 
pte ee el ee ieee a 
ca thor seen om, apna chord: R, saperiog, ‘Galton 
forms the central portion of the bodies of the vertebra, and 
in the higher Vertebrates is wholly éffaced; the oontm or 
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bodies of each yertebra of a lizard, bird or mammal being 
solid bone. Figs. 375 and 376 represent the relations of the 
notochord in an adult lamprey and a young fish, 

‘The vertebra of a bony fish 


( 


eaaing downwards, to which 
the ridy are articulated ; certain 
of the thoracic ribe “aniting 
with the sternum or Race Des 
(Figs. 377 and 378.) 

Vertebra like those of fishes, noes 
which are hollow or concaye at 


and convex behind procalous, as 
and crocodiles, and most existing 
lizards, and those convex in front 
and concave behind opisthocelous, 
as in the garpike, some Amphib- 
ians (the salamanders and cer- 
tain toads, Pipaand Bombinator). 
Vertebrates never have more 
‘cat than two pairs of limbs, an an- 
2m terior and hinder pair; the pecto- 
iS ral pair of fing of fishes represent 
the fore limbs of Amphibians and 
higher Vertebrates, and the arms of man; the two ventral 
fing represont the hind logs of higher Vertebrates, and the 
logs of man. Each pair of limbs is connected by ligaments 
and muscles to a girdle or set of bones, called respectively 
‘the shoulder girdle and pelvic girdle, each girdle being con- 
tected by muscles to the vertebral column. The shoulder 
girdle consists of a clavicle (or collar-bone), scapula (or 
shoulder-biade), and coracoid bone, usually a process of the 
wapula, These bones differ greatly in tho different classes, 
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extreme modification in form. At firet all limbs arise as 
little pads, in which the skeletons subsequently develop, and 
in early life tho limbs of all Vertebrates above the fishes are 
much alike, the mod- 
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ere is simple 
3 inthe limbs 
formed by 
walking on | 
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an). 
he | of all Vertebrates above the lancelet is supported 
on or 
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ing gill-slits or spiracles, but are closed in the higher Verte- 
brates. Asa rule, the skull is symmetrical, exceptions being 
found in the flounders and the bones about the nose of cer- 


tain whales and porpoises. The base of the skull is perfo- 
rated for the exit of the nerves proceeding from the base of 
the brain, and the hinder bone (ocripué) is perforated ( fora- 
‘men magnum) for 
the pasmge of the 
spinal cord from the 
medulla oblongata, 
_ Ttis probable that 
there is a general 
the head of Insects 
] amd 
be, wi the Pig. 97. —Skull and visceral skeleton of a Seiachlan 
ead of insects, for tinh Seectiel ratane ened pes ae 
. cartilage : 9, miporior, m, Inferior partion 
Consists of St the mandivulne wreli £2. 21, hyo arch | ZA VIAL. 
in number of “2h beschial ‘arches.—After Gegentaae, 
ts, homologous with those of the rest of the body, 
\ ith mouth-parts homologous with the limbs ; that the 
skull is ‘also segmented, and an expansion and continuation 
| of the vertebral column. Gegenbaur even maintains that 
various arches of the head are homologous with the limbs, 
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In the lancelet there is no skull, or even the rndiments of 
‘ono (unless the semi-cartilaginons supports of the tentacles 
be regarded us such), hence the Vertebrates are divided into 
the skulless or acraniate (Acrania, represented by the lance- 
let alone) and the skulled or craniate (Craniota), tho latter 
series comprising all forms from the hag-fish to man. In 
the Craniota the skulls may be, according to Gegenbaur, di- 
vided into two groups. In the hag and lamprey the noto- 
chord is continued into the base of a small cartilaginous 
capsule, enclosing the brain, and which represents the skull 
of higher Vertebrates (Craniota). ‘This capsule behind is 
continuous with the spinal column. 

With the skull of the second form two jaws are developed, 
hence all the vertebrates above the hag and lamprey form a 
series (Gnathostomata) opposed to the former, or Cyelos- 
tomata, 

Tn the Gnathostomata there is a gradual modification and 

‘ion of the skull. In the sharks it may be quite sim- 
ple and cartilaginous ; in the bony fishes it is highly special- 
fzed, consisting of a large number of separate bones. In 
the Amphibians we first meet with a skull consisting of few 
bones, easily comparuble with those of mammals; in the 
reptiles and birds the ear-bones are external, forming the 
large quadrate-bone by which the lower jaw is articulated to 
the skull. A progress is seen in the mammals where the 

me becomes internal—one of the ear-bones (the 

inous). Now also, the brain becoming much larger, evincing 
amuch higher grade of intellect, the skull is greatly en- 
to accommodate the great increase in size of the 
cerebrum and cerebellum, the perceptive and reasoning fac- 
ulties predominating over those regions of the brain and 
mie devoted to perceiving, grasping, and masticating the 


Though not properly forming part of the skeleton or de- 
with it, we may here consider the teeth. 

teeth of Vertebrates are formed from the modified 

epidermis and cutis, or dermis; the former secretes the 

enamel and the latter is changed into the pulp or dentine. 

‘The simplest form of tooth is conical. In the jawless hag 

there are no teoth in the lips, but a single median tooth ov 
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In the fishes, Amphibians and reptiles, the worn-out teeth 
shy coe tnecession of new ones ; in mammals (ex- 
copt cetaceans, where there is no change) there is but a single 
change, the first (milk) teeth being replaced by a second set 
of permanent teeth. The teeth of the lower Vertebrates 
are shed while swallowing the food. In the boa (Python) 
the teeth thus shed are found scattered along the intestinal 
= ee the food 
‘yma 
‘The dermal or eroskelefon consists of the scales of fishes, 
reptiles and certain eed such as the armadillo, the 


through the skin of an embryon! 
irene ‘ce era poems we es Ropldermia’ 


Seiten birds and the hairs of mammals. Most scales 
arise from dermal papillw (Fig. 384, p), and are covered over 
bya pee ot of enamel (Fig. 384, 0) developed from the epider- 
mis; 80 that the scales of sharks and rays, for example, 
arise from both the dermis and epidermis. 

A hair or feathor is a modification of a scale ; the papilla 
ig sunken in a pit of the dermis, the conical cap of epi- 


|. Tn the horns of mammals, 
thinoceros, and the hoofs of the horse, the epi- 
nce is penetrated by numerous long dermal 
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anterior portion of tho central nervous system. The differ- 
ence between the highly-developed eye of a cuttlefish and 
a bony fish, for example, consists in the fact that the rods 
and cones (similar to those of the invertebrate eye) forming 
a layer (the bacillar layer) behind the retina, are in the ver- 
tobrato eye turned away from, while in the invertebrates they 
are directed toward the opening of the eye. 

‘The ear of Vertebrates is at first a primitive otocyst, or 
ear-vesicle, which is gradually eut off and enclosed, forming 
® cavity of the skull, As we rise towards the mammals, the 
eur becomes more and more developed until the inner, 
middle, and outer ear is formed ; the Enstachian tube being a 
modification of the first branchial cleft, forming the spirmcle 
in tho sharks (Selachii) and Ganoids. 

Tn the lancelet a head is scarcely more set apart from the 
rest of the body than in many invertebrates. In the fishes 
and Amphibians the head is not separated by a neck from 
the tronk ; in reptiles the neck begins to mark off a bead 
from the thorax, while in the birds and mammals the head 
iw clearly demarked, the degrees of cephslization and trans- 
for headward of those features subordinate to the intellec- 
tual wants of the animal becoming more striking as we 
ascend throngh the mammalian series to the apes, and finally 
man. 

‘The development of Vertebrates can scarcely be epitomized 
fn ao few lines, The mode of growth of Amphioxus is « 

expression for that of all Vertebrates, for all develop 
fertilized oggs, which undergo total or partial segmen- 
tation of the yolk, become threv-laycred sacs and assume the 
vertebrate characters, the development of the mam- 
malsdifforing from that of the other classes only in compar- 
atively unimportant features. 

‘Tho Vertebrates are divided into two series or sub-branches: 
the Acrania and Craniofa ; the former type is represented 
by but singlo genus, order and class, the lancelet or Am- 

‘The sub-branch Craniota is divided into six class- 
8, the Marsipobranchs, fishes, amphibians, reptilia, binds 
and mammals. 
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ehial eacs of Ascidians and of Balanoglovsus. The water 
which enters the mouth passes out through those slits when 
it oxygenates the blood, and enters the general body-cavity, 
therice passing out of the body through the abdominal pore 
(Pig. 387, c). The pharynx leads to the stomach (e), with 
yj which is connected the liver or cecum (f). There is a 
pulsatile vessel or tubular heart, beginning at the free end 
of the liver, and extending along the underside of the phar- 
ynx, sending branches to the suc and the two anterior branches 
to the dorsal aorta. “On the dorsal side of the pharynx the 
Blood is poured by the two anterior trunks, and by the 
branchial veins which carry away the aérated blood from 
‘the branchial bars, into a great longitudinal trunk or dorsal 
worta, by which it is distributed throughout the body.” 
(Huxley.) There are also vessels distributed to the liver, 
and returning vessels, representing or foreshadowing the 
portal and hepatic veins. The blood-corpuscles are white 
and nucleated, 

‘The vertebral column is represented by 4 notochord which 
extends to the end of the head far in front of the nervous 
cord ; and also by a series of small semi-cartilaginous bodies 
above the nervous system, and which are thought to repre- 
sent either neural spines or fin-rays. ‘The nervous cord lies 
over the notochord ; it does not enlarge in the head to form 
the brain, but sends off a few nerves to the periphery, with 
nerves to the four minute eye-spots, There are no kidneys 
like those of the higher Vertebrates, but glandular bodies 
which may serve as such. ‘The reproductive glands aro 
Square masses attached in a row on cach side of the walls of 
the body-cavity. The eggs may pass out of the mouth or 
through the pore. Kowalevsky found the eggs issuing in 
May from the mouth of the female, and fertilized by sper- 
matic particles likewise issuing from the month of the male, 
‘The eggs are very small, 0-105 millimetres in diameter. The 
eggs undergo total segmentation, leaving a segmentation- 
one which becomes the body-cavity. 

‘The blastoderm now invaginates and the embryo swims 
about ns u ciliated gastrula. The body is oval, and the germ 
does not diffor much in appearance from a worm, startish, 
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_aeniaggy Work.—The anatomy of these animals is exceedingly in- 
sacs and nasal duct can be exposed by « lon- 

et scca er teat the relations of the notochord can be 


best seen by transverse sections ; the heart and vessels should be in. 
5 of the brain should be made, and with care the 


TH. Pisces (Sharks, Rays, Sturgeons, Garpikes, and 
bony fishes). 


‘Genoral Characters of Fishos.—We now come to Verte- 
; which have genuine jaw-bones and paired fins, and 
ch, in short, are affiliated to the Batrachians, and through 

mm with the reptiles, birds, and mammals. All the fishes 
4n having a true skull, to which is attached a movable 
jaw. The brain is well developed, with its lobes for 
most part, at least, equivalent to or homologous with 


of the reptiles, birds, and mammals, though the cere- 

al hemispheres aro small, and in most fishes of nearly the 

size as the optic lobes ; the cerebellum is also generally 
Doevot fa. 


% 


Anal, Ventral. — Peetorat. 
Pig. 8.-The Mud-Minnow. 


ef modorate size. The head forms part of the trank, there 
ing no neck (except in the Hippocampide), and the body 
‘neually compressed and adapted in shapo for rapid motion 
the water, 


or or ventral fing, at least, are in many cases wanting 
the atrophy of parts developed in embryonic life. 
pectoral and ventral fins (Fig. 388), which represent the 
d hind legs of higher Vertebrates, are attached to 
ody or trank bya shoulder and pelvic girdle. The shoulder 
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girdle is either lyre-shaped or forked, like a biril's wieh-bono, 
curved forward, and with cach side connected below; the 
fishes in this respect differing from the Butrachians (Gill). 
‘The shoulder girdle is usually closely connected by « serie 
of intervening bones with the skull, and makes ite first up 
pearance opposite the interval between the second and thinl 
vertebra. 

‘The skull and skeleton may be either cartilaginons ar bony 
and the bones of the head and skeleton very numerous, [n 
some sharks there are 365 vertebre ; in some bony fishes 200, 
while in the Plectognathé (fishes like the snn-fishos and Ba 
listes) there may be no more than fifteen; thus in some 
fishes there may be about one thousand separate bones No 
fishes have a well-defined sternum or breast-bone, this bane 
appearing for the first time in the Batruchians, ‘The verte 
bra are almost always biconcave ; this is the simplest, mot 
primitive form of vertebra: ; it forms a weak articulation, 
admitting, as Marsh states, of free, but limited motion. 

All fishes breathe by gills, which are supported genenilly 
on four or five cartilaginous or bony supports or arches, ‘The 
gills are never purse-shaped, as in the lampreys, and an 
mostly situated within the head, in front of the seapnlararch. 

‘Tho mouth is generally armed with teeth varying gruatly 
in number and form, and in the bony fishes ‘pot 
only the jaws, but any bony projections, such as the palatine 
pterygoid and vomerine bones, as well asthe 1 
ryngeal bones may be armed with teeth, so that the food & 
retained in the mouth and more or less torn and crushed be 
fore being swallowed. 

Fish have no salivary glands, ‘The tongae moves onlyal 
a part of the hyoid apparatus npon which it is attackel 
After being crashed and torn in the moath the food just 
through a short throat or esophagus into the stomocl. Th 
intestine is generally provided at the anterior und ¥ill 
several or numerous cecal appendages which aro expedally 
abundant in the cod. The gut is twisted onoe or trio 
fore reaching the vent, but is usually mach shorter 
the air-breathing Vertebrates, while the vent is placed 
nearer the mouth than in the tailed Amphitians, thas 
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rating the trank into a thoracic and caudal portion. To 
make up for the short intestine, its absorbing surface is 
greatly increased in all exeopt the bony fishes by a peculiar 
fold called the “spiral valve.” The rectam always opens in 
frontof the urinary and genital outlets; except when the 
latter communicates directly with the rectum, thus forming 
aecloaca. All fishes have a well-developed liver, usually a gall- 
Bladder, with several gall-ducts ; and in general a yellowish 
pancreas, 

The heart consists of a ventricle and anricle, the latter 
branchial with a venous sinus (sinus venosns) ; while to the 
Yontricle is added an arterial bulb, which subdivides into five 
pairs of arteries, one for each gill-arch. The Dipnoi ap- 
preach the Amphibians in the possession of « second auricle 
‘# Well as of genuine lungs, #.¢., cellularair-sacs, Tho lungs 
‘aro fondamentally comparable with the air-bladder or swim- 
ming bladder. It is generally situated below tho back-bone, 
‘and is developed originally as an offshoot of the msophagus, 
Tt is either free, not connected with the digestive tract, or its 
Original attachment may be retained in the form of the 
* pneamatic duct,” which, when persistent, opens into the 
@sophagus. In the sharks it is either absent or exists in a 

state. 

The kidneys are two voluminous, dark-red lobulated or- 
gans, lying clove togethor next to the back-bone, behind, i. ¢., 

| above theuir-bladder, and occupying nearly the whole length 
of the abdominal cavity, The efferent ducts (urctors) either 
pass along in front of or by the side of the kidney, and some- 
times unite to form a single suc, the outlet of which is situ- 
ated either behind or below the generative orifice. It has 


sof em- 


Worms, the original kidney being composed of bundles of 
eilisted funnels, like those of worms, combined, | 
With Malpighian bodies and renal lobules which do no! 
7H worms, while all these parts have a common duct, 
Mreter, which also doos not exist in worms, being churucter- 
istic of Vertebrates, 

In the fishes the sexes are, with a very few oxceptions, dir- 
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its to the types of invertebrate life which then became 
partly through their means. These and ganoid fishes 
thus accomplished their work were replaced in the 
later ages by more highly elaborated and specialized forms, 
fe, the bony fishes, Sharks and skates are engines of de- 
struction, having been since their early appearance in the 
Upper Silurian age tho terror of the seas, Their entire 
structure is such as to enable them to seize, crush, tear, and 
rapidly digest large invertebrates, and the larger marine 
members of their own class, Hence their own forms are 
gigantic, soft, not protected by scales or armor, as they have 
Tu the adult form few enemies. Hence they do not need a 
high degree of intelligence, nor special means of defence or 
oo though from their activity the cirenlatory system 
igh developed 
form the sharks are long and somewhat cylin- 
hele with the head rather large, often pointed, sometimes, 
Jn in the hammor-headed shark, extraordinarily broad, with a 
capacious mouth, situated in the under-side of the head. 
The body tapers behind, and the caudal portion is unequally 
lobed, the upper lobe being much longer than the lower, 
upturned and supported by u continuation of the vertebral 
Solamn, while the tail-fing of bony fishes are equally lobed 
and consequently called Aomocercal ; those of sharks are 
tnequally lobed, and arc therefore said to be heterocercal. In 
this respect they resemble an early stage in the development 
of bony fishes, such as the trout or herring. Sharks, like 
bony fishes, have two pectoral and generally two ventral 
fins; these two pairs of fins corresponding to or homologous 
with the limbe of air-breathing Vertebrates, and besides this 
there ix one or usually two dorsal fins, and an anal fin, the 
” latter situated behind the vent. 
The skin is either smooth or covered with minute placoid 
Wales (see Fig. 385); the integument of such species as 
‘are provided with these fine scales forming shagreen. While 
the spinal column is in the sharks usually cartilaginous, and 
eanily ont with a knife, there are different grades of devel- 
opment from certain forms, as the Chimera, to a well-marked 
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nished with an upper and nether millstone for crushing and 
comminuting the thick, solid shells of mollusks. The mouth 
in both sharks and rays is always situated on the underside 
of tho head, all being ground-feeders. Soch sharks as riso 
to the surface for food seize it by turning over before claaing 
their jaws on the luckless victim. 

‘The throat or wsophagus is wide ; the stomach a capacious 
#ac, and the intestine short, separated from the stomach by 
a pyloric valve. The spiral valve of the intestine is a fold 

j into the cavity of the gut, the fixed edge forming 
a spiral line around the inner wall of the intestine. 

The heart consists of a ventricle and auricle, with an 
aortic bulb which pulsstes as regularly as the beart ; and the 
blood must be sent forward with great force, as the very mas 
cular balb is provided within with three rows of semi-lunar 
valves. 

‘The gills are pouch-like, generally five, rarely ix or seven, 


basking shark, While tho clefts or «lita open on the «ide of 
the neck in sharks, in the skutes they are placed beneath the 


A apiracle or upening leads, in some sharks, from tho up- 


‘vary. The ovidnets are true ‘* Fallopian tubes,” expanding 
posteriorly into uterine chambers, which unite and open 
into the clouca. (Huxley.) 

The sharks and skates are not prolific; having but few 
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‘The noxt external change is the division of the tail-end 
into two caudal lobes. The notochord arises as a rod-like 
thickening of the third germ-layer, from which it afterwards 
entirely separates, so that the germ, if cut transversely, 
would appear somewhat as in the embryo bird. 

‘Tho primitive vertebre next arise, and about this time the 
throat becomes'a closed tube. The head is now formed by 
‘asingular flattening-out of the germ, like a spatula, while 
‘the medullary groove is at first entirely absent. The brain 

then forms, with its three divisions, into a fore, middle, and 
hind brain. Soon about twenty primitive vertebra: uriso, 
and by this time the embryo is very similar, in external 
form, to any other vertebrate embryo, and finally hatches in 
the form of the adult. 

The skate was found by Wyman to be at first long and 
narrow, the dorsal and anal fins extending to the end of the 
tail, as in the eel. Soon after it becomes shark-shaped, and 
finally assumes the skate form. Thns skates puss through 
a shark-stugo, and this accords with the position in nature 
of skates, since they are, as a whole, a more specialized as 
well as more modern group than the sharks. Wyman found 
‘that there are in the skate at first seven branchial fissures, 
the most anterior of which is converted into the spiracle, 
which is the homologue of the Eustachian tube and the 
‘outer ear-canal ; the seventh is wholly closed up, no trace re- 
seeing, while the five others remain permanently open, 

‘The Elasmobranchs are subdivided into two orders (ro- 

by Gill aa super-orders, the Plagiostomi, represented 

the sharks and rays, and the Holocephali, the type of 
which is Chimera 

- Order 1. Plagiostomi.—In the sharks and skates the teeth 
are yery numerous; the gill-slits are uncovered. The rays 
Or skates differ trom the sharks in their broad, flat bodics, 
with the gill-slits opening below ; the great breadth of the 
‘body in due to the enlargement of the pectoral fins which 
are connected by cartilages to the skull ; there ia likewise no 

| median articalar facet upon the occiput or base of the 
skal, for the first vertebra. 

‘The most common of our Selachians is the mackerel shark 
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Among the more aberrant sharks ix the hammer-headed 
Sphyrna zygena (Linn.), which grows to the length of twelve 
foet, and is one of the most rapacious and formidable of the 
order. 

Of the rays and skates, the saw-fish approximates most 
to the sharks, Its snout is prolonged into # long, flat 
bony blade, armed on each side with 
large teeth, Pristis antiquorum 
Latham (Fig. 390), the common saw- 
fish, inhabits the Mediterranean Sea 
and the Gulf of Mexico ; it is vivipa- 
vous (Caton.) Pristis Perroteli lives 
in the Senegal River, while Carcharias 
ganyeticus is found sixty leagues from 
the sea. 

‘The genuine skates or rays have the 
body broad and flat, rhomboidal (ow- 
ing to the great extension of the 
thick pectoral fins). Portions of the 
ventral fing in the males are so elon- 
gated and modified as to form inter- 
mittent and clasping organs. They 
swim close to the bottom, feeding upon 
shell-fish, crabs, etc., crushing them 
with their powerful flattened teeth. 
‘The spiracle is especially developed in 
the rays, while, as observed by Gar- 
man, in the majority of the sharks 
which swim in midwater or near the 
surface, the water enters the mouth 
and passes freely out of the gill-open- 
ings, but in the rays, which remain at . 
the bottom, the purer sou-water enters »lirem hook Shestee te 
the spiracle from above to pass out of (22x Bont nee and Ine 

tho gill-slite. 

‘The smallest and most common skate of our northeast 
erm Atluntic const is Raja erinacea Mitchell. It is one half 
of i metro (twenty inches) in length, and the males are 

| smaller than the females. The largest species is the barn- 
door skate, Raja levis Mitchell, which ix over a metre (forty 








THE ELBOTRMAL BAT. $23 
prodacing a shock. The benumbing power is lost by fre 


quent exercise, being regained by rest ; it ix also increased 
by energetic circulation and respirstion. As in muscular 


4, brain : &, mediate. ol 


82 — To: poly marr svat ws. 
¥, electri portion ofthe trigeruina'e wr 2b pai of werves 
‘or 


exertion tho electrical power ix increased by the action of 
strychnine (Owen). 

has more recently made interesting experimenta on 
the torpedo, examining the discharge of this fh with the 
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Selachians, Ganoids, and Batrachians, Chimera plumbea 
Gill lives in deep water off the coast of New England. 

Subclass 2. Ganoidei (Gurpites, Lung - Fishes).—The 
term Ganoid was applied to these fishes from the form of 
the scales, which in most of the species are angular, square, 
or rhomboidal and covered with enamel, as seen in the com- 
ton garpike. In others, however, as in the Amia and Dip- 
noans, the scales are rounded or cycloid. These fish 
both the genuine Ganoids and Dipnoi, were the character- 
istic fishes of the Devonian age, which has consequently been 
eallod the Age of Fishes, there being no bony fishes ( 7oleos- 
fei) at that time. The forms were much larger than at 

nt, far more numerous in species, genera, and families, 
and they, with the sharks, were tho rulers of the sea, 

At the present day the type ix nearly extinct, being repre- 
sented by such isolated forms as the sturgeon, the paddlo- 
fish, the lung-fish (Dipnor), the garpikes, and the American 
mud-fish (Amia). Like most of the palwozoic types of life, 
the Ganoids were both generalized forma and also combined 
the characters of classes of animals not then in existence ; in 

types. 
forms like Amia, the Teleostean fishes were antici- 
the Dipnoi, with their external gills and lungs, 
not. the Amphibians, but even the reptiles were indica- 
ted in their hearts with two auricles, just as the Trilobites and 
Merostomata, as indicated by the structure of the living 
king-crub, combined with the structure of Crustaceans, fea- 
tires which became in a degree reproduced in the terrestrial 
is and spiders which subsequently appeared. 0 ae 

to this intermixture of ancient and modern characti 
reaching up and ont of the piscine type of life over pd 
‘the amphibian and reptilian boundaries, the classification, 
4. 4., actual position in nature of the Ganoids, becomes very 
it, and the views of naturalists regarding their system- 
position are very discordant. If, as insisted on by Gill, 
the fact. that the Ganoids are an older, more 
und therefore more elementary group, and the 
osseous fishes « newer, more highly specialized group, und 
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in the garpikes. The oviducts communicate with the ure- 
ters as in the sharks and amphibians. The different modifi- 
cations of Ganoid structure may be observed in the examples 
of the different orders. 

Many of the Ganoids of the Upper Silurian and Devonian 
rocks belonged to the groups 

In the Cep! 

Cophalaspis Lyellii of Agassiz, the broad head was covered 
by asingle semi-circular plate, with large orbits above, the 
mouth being below, The pectoral fina were rayleas folds of 
the skin; the body behind the head was covered with rhom- 
boidal scales, and provided with adorsal fin. The Pleraapis 
had a head-shield composed of seven pieces. Among the 
Placoderms, Pterichthys had a plated head half as long as 
the body, the tail short and scaled. These fishes, the earliest 
known Vertebrates, were bottom-feeders. Nothing is known 
as to the nature of their jaws or teeth. 

Order 1. Chondroganoidei.—In these Ganoids the dorsal 
chord is not ossified; the skull is cartilaginous, covered with 
membrane-bones ; they were either toothless or with small 
teeth. The skin is naked as in the paddle-fish, or protected 
as in the sturgeons with very large, bony, solid plates. The 
sturgeons have the snout long and pointed, with the mouth 
underneath, and toothless. Acipenser sturio Linn, is the 
common sea-sturgeon of our coast, ascending rivers, The 
shovel-nosed sturgeon, Scaphirhynchops platyrhynchus has a 
spade-like snout. It inhabits the waters of the Mississippi 
Valley. Salonsky has studied the embryology of the Russian 
sturgeon. The freshly-laid eggs are two millimetres in di- 
ameter, the yolk undergoes nearly total segmentation, thus 
connecting most Vertebrates in which the eggs only partially 
segment, with the Amphioxus, lampreys, and amphibia, in 
which segmentation is total. The skeleton is developed 
mneh us in the Elasmobranchs. The sheath of the noto- 
@hord develops in three weeks after hatching. At the 
endl of the third week the upper and lower vertebral arches 
appear, arising o# in other fishes. The skull ix indicated in 
two or three wecks after hatching. 
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many-jointed cartilaginous rod, to which is attached fine fin- 
rays, supporting the thin edge of the fin. 

‘The spiral valve and cloaca are present in the intestinal 
tract. In the brain the cerebral hemispheres are larger 
than the olfactory lobes, and there 1s an optic chinama ; the 
heart has besides the right large suricle, a left smaller one 
Oo Does leap ienyptic pase ey pee ay 

icle, a8 in Amphibians and most 


aborted in the adult. 
The genus Ceratodus was = 
nally named by Agassiz, , Fis 2 Externe! cis of » young Je 
age peasy in Jurassic a 
and Triassic strata in Europe. Living specimens were found 
by Mr. Krefft in Queensland, Australia, and called Ceratodus 
‘This fish is rather more elemwen- 


—— “earpeoayr a Tepttatom (Goatees Moreover 


TE ree Aer ne TA. Test ta natevw cate tan pote) 


ithe long is single, and not ased so much as the two perfect 
of Lepidosiren. \t attains a length of wix feet. It 

cun breathe by either gille or lunge alone. When, Genther 
thinks, tho fish is compelied to live during droughtsin thick 
“muddy water charged with gases which are the product of 
ing Organic matter, it is obliged to use ite longs 

gre more like thoe of onlinary bony fishes than 
Lapidariren. \t tives on the dead leaves of aquatic 

ete. "The loral English name ix 
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“have been kept in captivity, but none have 
to leave the water.” 
ipnoi represent the Devonian fishes Holop- 


Devonian rocks of Ohio, which 

by Newberry to have been about 

wtres (from fifteen to eighteen 

fect) in length, and a metre in thickness, 

being inferior only in size to the Astero- 

lepis, a Placoderm of the old red sand- 
stone of Great Britain. 

Order 3. Branchioganoidei.—Hore be- 
longs the Polypterus of the Nile and 
Senegal. In these Ganoids the tail is 
either protocercal or heterocercal; the 
scales are cycloid or rhomboid. The 
dorsal fin is long, subdivided into divis- 
jons, each with « separate ray and spine. 
Polypterus bichir Geoffroy (Fig. 397) 
has a protocercal tail. The young has 
external gills (Fig. 393). It inhabits the 
river Nile, P. senegalus the Senegal. 
Calamoichthys differs in having no ven- 
tral fins and in its elongated form. It 
inhabits the rivers of Old Calabar. Al- 
Tied to these living forms are the De- 
vonian Osteolepis, Colacanthus, and Ho- 


Order 4. Hyoganoidei.—This group is 
roprosented by the garpike and Amiéa or 
mud-fish of the United States, which 
is an annectant form connecting the 
Ganoids with the Teleosts, In these yi, sp 
fishes the spinal column is bony, tho «lr—Prm cu 
tail peared heterocorcal. 
(Fig. 398, Z. osseus Agassiz) the body is 
vn the jaws long and armed with sharp toeth, the vertebra 
Hous, and the scales are large and rhomboidal, 


bi a 
















MUD FISH. 433 
_ tho middle of May and the 8th of Juno, remaining at other 


times of the year in water, 
Se esetiie Yagis: $0 abo bout the end of May. At 


i ly disappeared, 
ened, and the gill-covers extend to the base of the pectoral 
fins. When between two and three weeks old the young 
is 20 millimetres (inch) long. ‘The young rise to the 
awallow air, asin the adult. Soon after this it is 
‘of the form first discovered and figured by Wilder. The 
seabed to Agussiz, bears some resemblance to 
ul in certain stages of growth, and in the forma- 


ment of the posterior part of the body, by the mode of origin 
0 r fins from tho embryonic fin-fold, and by the 
mode of formation of tho fin-rays, and of the ventral 


tins, 
‘Who mnd-fish, Amia calva Linn., is like an ordinary bony 
ish in form, with ronnded scales ; the candal fin * masked 
moweronl,” the snout is short and rounded, and the nir- 
Windder ix large and cellular. It attains a length of two 
‘thirds of & metre, and occurs in the Mississippi Valley and 
‘WM fur east ax New York. A fossil form closely allied to 
back to the Cretaceous Age, and the genus 

iw ik n Linasio nd Oolitic gonns. 


4 
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available for western students who have not access to speci- 
mens of the canner, 

‘The perch has the general form of a flattened spindle, for 
it tapers down at either end and is compressed laterally. 
‘There is no neck marked off externally, and the head ap- 
pears as the direct continuation of the body, but separated 
from it by a fissure on either side; this is the opening of 
the gills, which extends from above downwards and curves 
forward, nearly meeting its fellow on the median line of the 
under jaw ; upon opening the gill-slit the pectinate or comb- 
like gills or branchi# are seen within. There are four sets 
of branchial filaments, cach set attached to a separate de- 
scending arch, in front of each of which isa slit leading into 
the cavity of the mouth ; but there is no slit behind the 
last gill. The branchiw are protected externally by the gill- 
cover or operculum, which is attached in front, but is free 
behind, where it forms the front edge of the gill-slit ; it is 
‘composed of four distinct parts: 1. The preoperculuam 
mearost the eye, and with its lowest corner almost a right 
Bngle; its posterior and vertical edge is furnished with 
niimerous minute projecting spines. 2. Apponded to the 
underside of the margin thus armed is the operculum. 3. 
Below the preoperculum is the interopercalam, which par- 
tially covers up 4, the suboperculum. Each of these parts 
has a separate bony support; all four bones are developed 
Only in tho Teleosts; in sturgeons, for example, there is 
only an operculum, to which in other Ganoids other parts 
are added; in Selachians the whole apparatas remains 
undeveloped. 

‘The mouth is placed in front ; the upper lip is capable of 

lent motion, being supported by the premaxillary 
bones, which are but loosely attached to the cranium, though 
Tm many other fishes the union is closer. The eyes are lange 
and Tidloss ; just in front of each eye is an opening of the 
sizé of a pin’s head ; these openings lead into the nasal sacs, 
‘of which there aro two, but both are without communica- 
tion with the month ; in higher vertebrates, from the Dip- 
wi upwards and in Myxine, there is such a communication. 
Th the Marsipobranchii thore is but a single median nasal sao, 
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from the level of the pectoral fins to just before the anus, and 
following the upper edge of the body-cavity upward and for- 
ward cut away the body-wall, taking care not to injure the 
large swimming-bladder above, nor the heart in front. Now 
‘open the pericardial cavity, which lies ventrally immedi- 
ately behind the gills (see Fig. 399, H?). Cut away the mus- 
cular masses around the back of the bead ; expose the cayity 
of the brain, and remove the loose cellular tissue around the 
nervons centres. If the gills of one side are excised and the 
intestine drawn out, the disection will appear very much as 
in Fig. 399. 

‘The cavity of the mouth widens rapidly and continues as 
the branchial chamber or pharynx (G), whence we can pass a 
probe outward through any of the gill-slits. There is a single 
row of sharp-pointed tecth in front on both the under and 
Mpper jaws; in the pharynx above and below there are 
Tounded teeth. At the side of the pharynx are the four gill- 
slits und the four arches ; the inner surface of the anterior 
three arches is smooth, while the arch behind the fourth slit 
is much modified in shape and ix armed with tubercles 
aud teeth. The entrance of each slit is guarded in front 
and behind by a row of projecting tubercles appended to the 
wrohes. On tho outside of each arch, except the fourth, ix 
a double row of filaments, richly supplied with blood-vossols 
which, shining through, give a brilliant red color to the 
@illé; on the fourth arch there is but a single row. At the 
Upper and posterior gorner of the pharynx is the «mall open- 
ing of the short esophagus. The branchial chamber has an 

extension on the sides of which lie the pseadobran- 
chim (J's), accessory respiratory organs not connected with 
the gills proper, and receiving their blood-supply from distinct 
arteries. There are no salivary glands, 


The asophagns dilates almost immediately to form the 
stomach (partly concealed in the figure by the liver, Li), 
seoms hardly more than a dilatation of the intestine 

(4m). This last isof nearly uniform size throughout, and after 
making threo or four coils terminates at the anus, immedi- 
ately in frontof the urinary and genital upertures. When 
4 site, tho terminal portion of the intestine or the rectum 
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‘The walls of the auricle are comparatively thin ; the auriculo- 
ventricular orifice is provided with valves, which prevent 
the blood flowing back into the auricle. The walls of the 
ventricle are thick and very mnecular ; from the upper end 
‘of the ventricle close to the base of the auricle springs the 
bulbus arteriosus, a muscular cylinder, which, ranning hori- 
zontally forward, passes out through the pericardium, and is 
continued as the less muscular sorta (4) underneath the 
branchial arches ulong the median line ; the sorta gives off 
branches on both sides, one to each arch to supply the bran- 
chim; the vessels after ramifying are guthered together, to 
Again form a single trank, which passes backward immedi- 


ately underneath the spinal column ; it is called the descend- 
ing sorta. 

The body and pericardial cavities are called serous, because 
their lining membranes are always moist with serum, a watery 
fluid, very much like blood-plasma. The lining of the body- 
cavity is named the peritoneum, and forms a continuous cov- 
@ring around the viscera, It is important to observe that the 
Various organs simply project into the body-cavity and do 
not lie really inside of it. In fishes we find the disposition of 
the parts to correspond more closely with the fandamental 
type of Vertebrate structure than it does in higher forms, in 
which farther modifications have saporvened. ‘The pharynx 
still has its distinctive character ; the pericardium lies at the 
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superior (Os) and inferior (Oi), arise from the front of the 
wrbit near the interorbital septum. ‘The disposition of the 


fez Anatomy of the bran of the Canner, dorm and side view.—Deawn by 
recti is very constant, but the obliqui vary considerably in 
their origin in different Vertebrates. 
If # perch be cut through transversely, so that the section 
passes through the fore-part of the 
air-bladder, and the anterior portion 
then looked at from behind, a very 
instructive view will be obtained, as 
in Fig. 401. ‘The best sections can be 
made by first freezing the fish. The 
vertebral column (V’) appears a little 
above the middle; overlying it is the 
neural canal with the spinal cord ; im- 
mediately below itis the descending or 
_ dorsal aorta (40), on either side of 
which follow the kidnoys ( A’), resting 
directly upon the air-bladder (2). 
ost is the body-cavity, with 
the stomach (), and intestine (J), yyftit\ tia Rute et wo hele 
surrounded by the liver, which has gf Svsner—Dewwn by C. 
Yoon almost entirely removed. The 
rest of the section is occupied by muscles, which, it will thas 
be soon, make up the main bulk of the body, (Minot.\ 
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of the body of Auphipnous cuchia, Gymnarchus and Sacco 
branchus singio. 

‘Tho noises produced by certain fishes are due primarily to 
| the action of the pneumatic duct and swimming-bladder, 
| while different kinds of noises are made accidentally or in- 

voluntarily by the lips or the pharyngeal or intermuxillary 
bones, as in the tench, carp and » large number of other 
fishes. Over fifty species of fish are known by Dufosee to 
Produce sounds of some sort, and Abbot has increased the 
namber in this country. The swimming-bladders of Trigla 
and Zeus have « diaphragm and muscles for opening and 
closing it, by which a murmuring sound is msde, The 


Fig. 402 —Gizeard Shad. 


Jondest sounds are made by Pogonias chromis, the dram- 
fish. In some Cyprinina, Siluroids and cols the sound is 
male by forcing the air from the swimming-bladder into the 
wophagus, In the sea-horse (Hippocampus), the sounds 
are made by the vibrations of certain small roluntury 


Dr. ©. O. Abbot has in this country discovered that the mnd 
wun-fish (Acantharchus pomotis) uttersadeep granting sound; 
tho gizeard shad (Dorosoma cepedianum, Pig. £02) makos “an 
‘andible whirring sound ;” the chub-#acker or mullet (#rimy- 

“ton oblongum) “uttors s single prolonged note accompanied 
by adischargo of air-bubbles ;” the cut-fish (Améurus lynx) 
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their hnos, while other secondary eexual characters are dovel- 
oped, ‘The femalo deposits her eggs vither in masses at the 
surface of the water, as the goose-fish, or at the bottom 
‘on gravel or wind as do most other fishes, the male passing 
over them and depositing his “ milt” or spermatic particles. 
‘The ogy hos « thin transparent shell, and the yolk is small, 
covered with a thick layer of the ** white.” 

‘The ogg after fortilization undergo partial segmentation, 
the primitive streuk, notochord, nervous cord, and brain de- 
velop us in the chick, bat that the embryo is to become a 
fish issoon determined by the absence of an amnion and allan- 
tois, and by the fact that the germ lies free over the yolk 
like w band. 

In the pike the heart begins to beat about the seventh day, 
and by this time the alimentary canal is marked out. ‘The 
primitive kidnwys are developed above the liver, The air- 
bladder arises as an offshoot opposite the liver from the ali- 
mentary caval, and the gall-bladder is also originally a 
diverticulum of the intestine, The urinary bladder in the 
fish ix supposed to be the homologue of the allantois of the 
higher Vertebrates, The principal external chan ge is the 
appearance of the usually large pectoral fins, 

The embryo pike hatches in about twelve days after devel- 
wpment begins, and swims about with the large yolk-bag 
attached, and it is some seven or eight days before the young 
fish takes food, living meanwhile on the yolk mass, The 
perch hatches in twelve days after the egy is fertilized, and 
swims about for eight or ten days before the yolk is absorbed. 
‘The gills gradually develop with the absorption of the yolk. 

‘The tail in most bony fishes is at first protocercal, then 
becoming hotorocercal vs in the adult sharks, but subse- 
quently, after the fish has swam about for a while and in- 
creased in size, it becomes homocercal or symmetrical. ‘The 
#eales are the last to be developed. 

Tn the large size of the pectoral fins, the position of the 
mouth, which is situated far back under the head, the hetero- 
cereal tail, the cartilaginous skeleton and uncovered gill- 
slits, the embryo salmon, pike, perch, ete., manifest transi- 
tory charactors whieh ure pormanent in sharks, 
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‘The bony fishes date back to the Jurassic period, but did 
not become numerous until the Cretaceous the 
‘Tertiary Period. ‘The Green River beds of Wy sbound 
in their remains. 

‘Tho ‘Leleosts are divided into eight: rg in an ascending 
series as follows : Opisthomi, Apodes, Nematognathi, Seypha- 
phori, Teleocephali, Pedioulati, Lophobranchii and Plectg- 


nathi. 

Order 1. Opisthomi.—Vho fishes of this group are char 
acterized by the separation of the shoulder-gindle from the 
head. The ventral fins are either abdominal or wanting. 
Tho typical genus is Volocanthuy, in which the body in clon- 
gated, with a proboscis-like snout, 

Order 2. Apodes.—In this group, also, the scapular areh 


Tig. 408 —Common Bet, Angwilla oeutirentiris, 
m the skull, while the maxillary bones are rudi- 
‘The branchial apertures are nnusually «mall, and 
re no ventral fing, while the body is rae 
anake-like. ‘Tho order is 


Gill, as well as Ganther and others, regards 
rent ribbon-like fish, described under the nanie 
s us the young of the conger-evl, 
he common eel, Anguilla acutiroatris (Fig. 403), occurs 
on both sides of tho Atluntio, on the North Ameriean iat 
as far south as Cupe Hatteras, and in inland rivers and lakes 
The sexes do nob differ externally, and internally only 





Egrereii 
tis 
Levis Eddee f 


dibout six hundred specimens of eels, only four males have 
yet been found in this country. These bed testes like thon 
Weseribed by Syrski in the Italian eel (4. ealparis), while Pack- 


Vig, 01. —A Silerokd Fisk, Arias, Young with the reli net abeerint. 


ard detected the mother cells, and Mr. Kingsley observed mor- 
ing active spermatozoa. It is probable that the eel descends 
rivers in October and November, spawning in the sutamn and 
winter at the mouth of rivers, and in harbors and o- 
tunries in shallow water. By the end of the spring the 
Young cels ard two or three inches long, and then ascend 
‘Fivors and streams, They grow about an inch a month, and 
the females do not spawn at least before the second year, é. ¢., 
when about twenty inches long. Mr. Mather estimates that 
the ovary of an cel weighing six pounds when in spawn con- 
tains upwards of 9,000,000 oggs. 
_ Oriler 3. Nematognathi.—This group iv represented in 
American waters by the catfish and horned pout. 
‘The name of the order (from yyua, vyyerros, thread, and 
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borne about until the yonng hatch. They are probably 
caught up after exclusion and fertilization. Some of these 
eggs ur half un inch in diameter. Dr. Day states that the 
same habits oceur in certain Indian species of Arius aud 
Osteogeniosus, A species of Arins was found by Stein- 
dachner, at Panama, to carry its eggs in a fold of the skin of 
its belly; afterwards the males bear them about in their 
mouth. 

The females of Axpredo have on the veutrul surface 
horny, stalked capsules, which coutain eggs from one to two 
millimetres in diamoter ; the cupsulos disappear as soon ax 
the young hateh. 

Malapterurus olectrioux Lacépedo, of the Nile, is electri- 
cal, the electric culls forming a layer directly beneath the 
akin and enveloping the whole body, except the head and 
fins. The cells are minute, lozenge-shaped, about one and 
a half millimetres in diameter. They are supplied by a 
nwrve from the spinal cord. The shock is comparatively 
feeble, but suffices for defence, “ the fish being protected by 
its olvctrifying coat, as is the hedgehog by its spines.” 
(Owen.) 

Order 4. Seyphophori.—Vhis order, tirst named and 
characterized by Cope, derives its appellation from the 
Grook oxtpos, a bowl, and gépw, to bear, in ullu- 
sion to a peculiarity of the pterygoid bono, which is eu- 
larged, funnel-shaped, and excavated by » bowl-like cham- 
ber which expands laterally and is coverod by a lid-like bone. 
‘The brain has a peculiur plicated organ over the cerebellum ; 
the nir-bladder is simple, communicating by 
intestinal canal, Tho order comprises 
members of which inhabit the rivers of Africa; they 
Mormyrida, ropresented by « number of genera and six 
wand the Gymnarchida, of which @ymnarchus niloticus is 
the only known species. 

Order 5. Teleocephati.— Those are our common types of 
fishes, and are, whether we consider their individual struc- 
ture or the number of spocitic forms, the most highly do- 

i... specialized, of the class. The name is derived 
from réAetos, perfect, and xepady, head, iv ullusion to the 











HABITS OF THE HERRING AND SHAD. 451 


spring in immense schools, in which the females are three 
times as numerous as the males, to spawn, selecting shoul 
water from three to four fathoms deep in bays, where the 
eggs hutch. At this season, and early in the summer, hun- 
dreds of millions are caught, especially on the Canadian, 
Newfoundland, and Labrador coasts. The English white- 
bait is the young of the herring. The herring is caught in 
deep nets with meshes large enough to cupture individuals 
of ordinary size, the nets having a finer mesh than those 
used for the mackerel fishery. 

‘The alewife and shad are said to be anadromous, from 
their habit early in spring of visiting the coast and sscend- 
ing rivers in vast numbers to spawn. The eggs are of mod- 
erate size; the ovarics are said to contain about 25,000, and 


4s 


LAY a7) 
ats a. 


Pig, 411. —The Herring, Cinwa Aarengus, one thint natura) sie — From the damert- 
fam Naturatit, 


at times ax many as 100,000 or 150,000 oges. They are dis- 

near the surface, sinking slowly to the bottom. 
‘The time between impregnation and hatching varies from 
about three to six days, according to the temperature. The 
shad eats little or nothing in fresh water, being then engaged 
in the act of reproduction. In the sea they live on amall 
Crustaceans, such as Mysis, etc. The menhaden ix now put 
tip as 4 substitute for sardines, and is of great value as fish~ 
bait, especially in the mackerel fishery, and for its oil. 

The family Salmonide comprise the salmon, trout, and 
whitefich, with a number of species and varieties, The 
species of the genus Salmo have not more than cloren rays 
to the anal fin, while the salmon of the west coust, guinnad, 
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"The carps (Cyprinus), shiners and minnows abound every- 
where in the Northeru States in ponds and weedy streams. The 
breeding habits of the dace (RAtnichthys atronasus Mitchill) 
have been observed by Dr. Groggy. ‘The fomales spawn over 
“ neste” or shallow depressions two fuct in diameter in run- 
ning brooks about foot deop; the mule passes over tho 
eggs fortilizing them; then the pair bring small pebbles 
which are dropped over the eggs, until layer after layer alter- 


Fie 118 Newchanea Prom Lotken, 


nately of eggs and pebbles are deposited, when a heap is 
formed, the young hatching out and remaining among the 


bles until old enough to venture out into the stream, 
Th dace is closely allied to the chub (Senratiliee rhothous 
Cope, Fig, 415). Sneceeding them are the suckers (family 
Catostomide) of which Catostomns teres Lesnour is an ex- 
ample. 

The blind fish of the Mammoth and other caves, and of 


Ves. 404.—Mndinnow.—Prom Abbot 


adjoining wells connecting with subterranean streams, are 
remarkable for the rudimentary state of the eyes, and con- 
meqnently of color, There are several species, the most 
common and largest boing Ambdiyopsie apelons De Kay ; this 
species is viviparons. Ropresenting the family Uméride ta 
the mud-minnow (Melanure lim? Kirt., Pig. 414). 

The flying-fish represent another family. ‘Their pectoral 
fine aro vory broad and largo. They dart from the water 
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tropical and cubtropical seas. It is provided with a broad 
oval sucker on the upper side of the head, by which it ad- 
heres to other fish or even to ships, and may thus be trans- 
ported long distances. Another noticeable member of the 
order is the blue-fish (Pomatomus saltatriz Linn., Fig. 417), 
60 valuable as a food-fish. 


‘Pig. 49. —T'be BMll-fsh, Aetone tongirostirus.— Prom (he American Fafwraiist, 


The dolphin (Coryphanc) is sometimes found upon our 
coast, but it is essentially a pelagic fish, occurring only out 
of sight of land upon tho high seas. The pilot-fish is also 


& pelagic form. 


"Phe percoid fishes are represented by the perch (Perce jtw- 
viafilis Linn.), which spawns in winter, making slight hol- 
lows in the gravel in shoal places in ponds ; their movements 


Fig <i —The Bine-tish, Pomatemus ealiatrie, ome vixth natural alva.— 


can be watched through the ice, On the other hand, the 
sun-fish or bream (Expomotis aureus G. and J.) spawns in 
the summer time, making a nest, w! they seoop ont of 
the river bottom. The handed sun-fish (Mesogonistins cho- 
todon Gill) occasionally scoops out a little basin in the sand, 
in which xt deposits its eggs late in thespring. ‘The spotted 
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sun-fish (Znneacanthus obesns Gill, Fig. 418) lives in mundily 
streams, burying itself in the mud in winter. Of similar 
mud-loving habits is the mud-minnow (Melonern fini 
Agassiz), which spawns in the spring, ‘The pimte pemh 
(Aphredoderus sayanus De Kay) occupies the not of com 


Fig. 418,—The Spotted Snn-fisd, Kusenoandias whee —Afior Abie. 


mon sunefish, and with the femalo guards it and afterwanls 
the young till they are nearly a contimetro (two-fifths ineh) 
2 , when they aro left by their parente. (Abbot) 
rters, Etheostomida, belong near tho perches, aul 
nprise the smallest of fishes. They imbabit the streams 
n¢ Mississippi Valley. A common examplo tx thi sinil- 
er (Pleurolepis pellucidux Agassiz, Fig, 419), 


Fig. 419, Send: Darter, Afser dondtam, 


stickleback (Gasterosteus) makes an oliburaie 
¢., suspended in mid-water, within whieh 
if tho eges and young. 
i e most valuable food-fishes is the mackinl 
(Seomber scombrus Linn., Pig. 420), whose mange is five 
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Greenland to Cape Hatters, It romains in deep water dur- 
ing the late autumn and winter, approaching the coast in 
May and Jone for the purpose of spawning, its annual 
being very regular. The number of eggs de- 

ited in one season by each female is said to be from five 


coolness of the water, when they return, and in November 
week the deep water again. When spawning they do not 
take the hook; they are then lean ; but at the time of their 
const they are fat and plump. (Bluke.) 
mackerel as woll as of the cod are so light 
surface, where they develop. Allied to the 
though of great size, are the horse-mackerel and 

-fish, whose upper jaw is greatly prolonged. 


Nig. 2.—The Mackerel, Soomber scombrus, one quarter natural size —After Blake. 


‘The singular Anadas of the East Indies is the representa- 
tive of a amall group of fishes called Labyrinthici or laby- 
rinth-fishes, in allusion to a cavity on the upper side of the 
branchial cavity on the first gill-urches, containing a laby- 
rinthino organ, which consists of thin plates, developed 
from the upper pharyngeal bones, enabling the fish to live 
for a long time out of water, Anabas scandens Cuvier, of 
the fresh waters of India, will travel over dry land one 
pond to another, and is even said to climb trees by means 
of the spines in its fins. onthe 

Near the head of the order stands the cunner (Ziantogola- 
trus adspersns Gill), whose anatomy is represented by Figs. 
404406 Passing over the tantog, the voracious wolf-fish 
(Anarrhichas), the Dennies (Blennida), in which the body 
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is long and narrow, and the viviparous eel-pout (Zoarces), the 
cottoids or sculping, and a number of allied forma, we come 
to the hake ( Merlueius bilinearis Gill), the haddock (Melano- 
grammus eglginus Gill, Pig, 421), and cod (Gadus morrhua 


Vic 421.—The Haddock, Mélumegrammne ceglesnwe.—From tho Amerioan Nob 


Linn., Fig. 422), all of which extend northwards from Cape 
Hatteras, the cod abounding on both sides of the Atlantic, 
being a circumpolar fish. The cod does not, us formerly 
supposed, migrate along the coast, but seeks the cool tampe- 
rature to which it ig adapted by gradnally passing in the 


Se 


Fig. 422.—The Cod-fish, Gadwe morrhua-Brom the Americas Nateraliat, 


early summer from shallow to deep water, and returning a 
the season grows colder. It visits the shallow water of Mae 
sachusetts Bay to spawn about thé first of Novembur, and 
towards tho last of the month deposits ita age About 





ASYMMETRY OF THE FLOUNDER. 459 


eight or nine million of eggs are annually deposited by each 
female. (Blake.) ‘The eggs laid by the cod rise to the sur- 
face of the water, on which they float. The young fish 
hatch on the New England coast in twenty days after they 
areextruded. Several millions of cod were artificially hatched 
at Gloucester, Mass., in the winter of 1878-9, by the United 
States Fish Commission; it has thus been demonstrated 
that thia fish can be artificially propagated. 

The cod is the most important of all the food-fishes, 
whether we consider the number taken and the amount of 
capital involved in the cod-fishery, It abounds most on 
the Grand Banks of Newfoundland. ‘The breeding habits 
of the haddock, hake and pollock are probably like those of 
the cod. 

Fierasfer is small cel-like fish, with a long, thin tail. It 
ig typical of a peculiar family, and is noteworthy from being 
& “commensal” or boarder in the digestive canal of Holo- 
thurians, ote. F. acus Brann. lives in Holuthurians, and 
another species in # star-fish (Cwlcifa). The Brotulide are 
fishes allied to the cod, but constituting a distinct family. 
Most of them are salt-water species, but allied forms (Zuci- 
Suga sublerraneus and Stygicola dentata) live in subterra- 
nean waters in Cuba, 

At the head of Teleocephali stand the flounders, halibut 
and soles, which are an extremely modified type of the order. 
In these fishes the body is very unsymmetrical, the fish vir- 
tually awimming on one side, the eyes being on the upper 
side of tho head, The upper side is colored dark, duc aa in 
other fishes to pigment-cells ; the lower side is colorless, the 
Pigmont-cells being undeveloped. When first hatched the 
body of the flounder is symmetrical, and in form ix some- 
what cylindrical, like the young of other fishes, swimming 
vertically as they do, and with pigment-cells on the under- 
side of the body. Steenstrup first showed by a series of 
musonm specimens that the flounder was not born with the 
eyes on the same side of the head, but that one eye gradually 
from the blind to the colored side. Mr. A. Agassiz 

studied the process, and finds that the transfer of the eye 
from the blind side to the colored side occurs very early in 
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ton; eee opercular bone, while the snout and Jower 
jaw are prolonged into a tube, with the mouth at the 
end. ‘The chief peculiarity, however, is the gills, which are 
developed in the form of a row of tufted lobes on each side 
of the branchial arches, The scales are large, forming an- 
gular plates arranged in longitudinal rows (Gill), In Sole- 
nostoma of the Indian Ocean the female carries the eggs in 
a pouch formed by the union of the ventral fins with the 
integument of the breast, 

‘The male of the pipe-fish (Syngnathus peckianns Storer) 
receives from tho female the eggs, and carries them in a 
small pouch under 
his tail, which is 
open beneath 
through its whole 
length. This sin- 


breast. The male, by simple mechanical pressure of its 
tail, or by rubbing against some fixed object, as a shell, 
foroes the fry, to the number of about a thousand, ont of its 
brood-pouch, tho young at this time measuring about twelve 
millimetres (5-6 lines) in length. In the young the head is 
‘at first rounded, the snout being short and blunt (Lockwood). 

Order 8, Plectognathi.—This group, represented by a few 
| dingular forms, such as the trunk-fish, file-fish, puffers, and 

‘gin-fish, is charactorizod by the union of the bones of the 

fpper and especially the lower jaws. Thoro are fow verte- 
berm, the scales are often moditiod to form spines, and the 
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fish, Molacanthus Pallasii (Fig. 427), which occur in the 
North Atlantic. 


CLASS TIL—PISCES. 


Aquatic Vertebrates with a movable lower juo, a cartilaginous or 
seller ated eprint tenpatred fins mipported by faraye 
; breathing by gilla. Heart 


1. Blasmobranehii.— Skeloton cartilaginous ; skall without 
membrane bones, five to seven pairs of gill-sscs and gill- 
openings; no opercular bones; tail beterocercal ; scales 
placoid; heart with a pulsating: aortle balb; optic nerves 
forming ® chiasma; intestine with a spiral valve; both 
oviparous and viviparous, 


Order 1. Plagiostomi (Selacho, Laman, Rais), 
Onder %. Holocephalt (Chimuera). 


Subclass U1. Gancitel—Skoleton cartilaginous or ossified ; skull with 
plate-like membrane bones; one pair of gill-openings cov- 
ered by opercular bones; skin usually with cycloid or gan- 
old scales ; air-bladder with « pneumatic duct ; embryos or 
young sometimes with external gills; chiasma of the opthe 
nerves; intestine with a spiral valve; development, so far 
ms known, tech ns in the sharks, and in some reapocta like 
the bony fishes; tho living forme oviparows, 


Oniter 1. Chondroganokided (Acipenser). 
Order 2. Dipnot (Coratodus, Lepidosiren). 
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the young, as well as in the form of the skull, there 

many bony parts in the skull which resemble similar 

Batrachia. Indeed so close in some characters is the 
treatin the fishes to the Batrachians, that the two 
classes have been placed in a series called Jchthyopsida. The 
Ratrachians, however, differ essentially from the fishes in hay- 
ing the bones of the skull few, directly comparable with 
| those of reptiles, birds, and mammals, and in being jointed 


| subdivisions, with distinct leverage systems, as the higher 
| Vertebrates, the bones composing them being closely homol- 
ogous. True ribs now appear. Some have persistent exter- 
“nal gills, and all have well-developed lungs. So that for the 
| first time we have the coexistence of trae limbs and lungs 
in animals which aro air-breathing and move about freely on 
land, though from passing a part of their adult life in or 
‘about fresh water they are said to be amphibious. The skin 
‘is usually scaleless, The circulation is incompletely double, 
there being sometimes two auricles. Like fishes, they are 
| cold-blooded, They are mostly oviparous, a few are vivipa- 
| vous, and nearly all undergo a metamorphosis. 
| Po enter more into detail: ‘The vertebra of Batrachians 
“are in the living Profews and allies, and in the blind-worms 
. ) biconcave ; in the salamanders and in the Surinam 
toad (Pipa) and Bombinator they are concave behind, but 
in the toads and frogs generally they are for the most part 
| concave in front, but vary in different parts of tho spinal 
| column, some of the same individuals being biconvex and 
others biconcave. While the vertebra are numerous in the 
tailed forma, in the tailless toads and frogs there are but 
| eleven, two in the coocyx, one in the sacrum, the remaining 
siphoned the rest of the column. In the frog, when 
the tail disappears, u long, spine-like piece (Fig. 428, ¢) called 
tho wrosiyie is developed from the rudiments of a few verte- 
Tn the extinet Archegosawrus the bodies of the verte- 
‘bree are but little ossified ; in Zrimerorhachis they aro rop- 
resented by the bony rings of throe sogments, while in alliod 
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tinet Archegosawrus had in its larval life branchial arches, 
and in fact 20 clove are the uffinities of some Amphibians to 
tho Ganoids that it is probublo that both types have had a com- 
mon origin ; while on the othor hand the bones of certain 
extinct scaly Labyrinthodonts have been regarded by some 
wuthors us reptiles ; for example, the Carboniferous Mustodon- 


‘The sternum or breast-bone (Fig. 420, ») first uppears in 
the Batrachians. Tho shonlder-girdle is in great part carti- 
and 
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Tho tecth of modern Ba- % the sips Souvle barton, belo 2 
trachians are conical orlobate, “"™" "" Maes Aner Seeman 


many Ganoids have a similar, though much simpler etruc- 
ture, They are usually of the same size, and may be ar- 
finged on projecting portions of different bones of the mouth, 
i.¢., the premaxillary, maxillary, mandibular, vomerine, pal- 
atine, and pterygoid bones, as in fishes. In tadpoles and 
in Siren the jaw-bones are encased in horny beaks like those 
of turtles birds. In many Labyrinthodonts two tusks 
were developed on the palate. The nasal canal is much as 
in tho Dipnoan fish, the internal opening being situated in 
the Peretinibranchiates just within the soft margin of the 
mouth, Tn the salamanders and frogs it is bordered with 
_ firmer ‘of the jaw. Tho labyrinth of the ear is large, 
and the im or drum of the ear is external, Am> 
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session gilts = highly developed. The trachea is 
rte 

_ The heart has two auricles, the right one the larger, and a 
single ventricle; but in Proteus the auricles connect with 
each other, and in the salamanders there is a hole in the par- 
tition separating the wuricles, There are also indications of 
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4 partition in the ventricle. Pig. 
432 representa the circulatory or- 
of a tadpole, after the gills , Zi. 2—Tipo' of s Prot 

we become absorbed, and before mouyy, 18 Te 
the aortic arches aro reduced in ele: 6, arveriai bull 
number. 

‘The nervous system is much 
asin fishes; but the optic lobes 
are rather smaller, as the eyes are smaller. The kidneys are 
in many respects like those of fishes, especially shurks, ax 
is the internal reproductive system. Tho ovuries are greatly 
enlarged during the breeding season. ‘The sperm is usually 
passed to the kidney, and thence through the ureters out of 
the cloaca, ‘The oviducts and ureters have a common outlet 
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Slit open the skin along the median ventral line the 
whole length of the animal, turn the skin back, and then 
cut through the muscular walls of the abdomen, being care- 
ful not to injure the underlying organs. The viscera will 
then be exposed : the coiled intestine, the large liver, and in 

| the female the sexual organs at cither side; finally, pos- 
sag the thin-walled bladder, B. The next step is to 
‘seize the posterior end of the sternum with a pair of for- 
ceps, lift it up, cut the fibres which ran from its under sur- 
= and cut with a pair of strong scissors along both sides 
of the sternum and around its anterior end, 50 as to remove 
itentirely. Underneath the sternum lies a thin-walled bag, 
the pericardium, enclosing the heart. On either side are 
the langs. 
‘Lo complete the preparation dissect out the intestine, by 
- eutting through the mesentery ; follow it to the stomach, 
which must be separated from the esophagus and drawn 
aside together with the intestine, while the liver must be 
turned over to the right of the animal. The pericardium 
must be cut through and removed without injury to the 
heart; finally, the skin must be removed from the hind 
logs. If the dissection ix of a male, it will then appear very 
much as in the figure. 

‘The heart is conical in shape ; its apex points backwards, 
and is formed by « single chamber, the ventricle, with thick 
‘maseular walls, from which springs on the ventral surface a 
little to the right the fruncus arteriosus (Ao), which rans 
forward and divides into the two uortic arches. The base of 
the heart contains two chambers, the right and left auricles, 
the separation of which is not marked externally. A lange 
voin ( °) passes from the liver to the back of the heart, and 
there empties into a thin-walled snc, the sinus wenosus, 
which also reccives on either side a vein from above, the 
wena eaves superiores. ‘The vein from the liver receives also 
the genital and renal veins, and is thon called the wena cava 

nr. As tho heart continues to beat for many hours 

‘a trog hus been killed, if a fresh specimen is taken for 
Aiaséotion the rythmically alternating dilatations and con- 
tractions may be observed. ‘The order of contraction is, 
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the cloava, where it opens just in front of the ureter. At 
the season of reproduction the oviduct is found very much 
distended with ova. Its anterior end has a ciliated opening 
into the body-cayity. In the neighborhood of the sexual 
glands lies the fat-body (/). 

The lungs (Ju) are two large sacs with very elastic walls, 
richly supplied with blood-vessels. These vessels spring 
from the pulmonary artery. From each division of the 
truncus arteriosus are given off four branches (Fig. 433, II). 
The first is the pulmonary aorta (Pa), which also gives off 
# large cutancous branch; the second, the true aortic arch 
(Ao), which, curving backwards, unites with its fellow just 
in front of tho kidneys and below the spinal column, to form 
the descending aorta ; the third (er), the carotid artery, run- 
ning to the head, and bearing at its origin the singula 
tid gland (cy); the fourth, the lingual artery. 1 
is returned from the lungs by two veins, whi 
the left auricle. 

"Tho space of the lower jaw ix covered over 
verse muscle (Jfy), the mylohyoid. On cit 
tho posterior edge of this muscle lies a croaking 


awe (8). In the mouth are to be observe: 


and forked posteriorly ; 2d, the 
ties; 3d, the receseus Kustachii, 
loading into the tympanic cavity ; 4th, the opening 
awophagus ; and bth, the slit-li 
The muscles are best dissected 


tral surface, the cut onda of the 
on the ventral surface, 1, of the 
wastue internus (mvi), the adduct 
torius (m2), adductor magnus (a" 
(ri); the rectus internns major (ri 
brevis can be seon close ¢ 
adductor magnus and the rectn 





Pro, 44) —Anotomy of the common Frog, 
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in front is the tibialis antious (fa). On the dorsal surface 
of the thigh (Pig 483, 111) tho gluteus (9), the pyriformia 
P), the rectus antious femorus (ra), the vastus externus 
ve), the biceps (6), the semimemdranosus (sm), lying deep 
between the biceps and semimombranosus are seen the 


spinal cord are uliciontly illustrated by reference to Fig. 
368. ‘Tho seventh, eighth, and ninth spinal norves unite to 
form the very large sciatic trank ; the intercommunications 
of these nerves form the lambar plexus; while the second 
and third spinal nerves form the brachial ploxns from which 
arises the brachial nerve. (C. 8. Minot.) 

Certain glands in the skin of some Batrachians secrete » 
corrosive, oras in the European Salamandra maculosa, a nar- 
cotic poison, which is poisonous to small animals, Tho 
tonds secrete in the parotid glands » bad-amelling fluid, 
which applied to tender skins produces erysipelas. Lacerda 
states that the poison of the Brazilian Bufo fctericus ia u 
milky humor from the glands on the sides of the neck. The 
action of the poison is less fatal to small animals than that 
of the European toad; it gives a slight ucid renction and is 
not soluble in alochol, while that of the European toud ia, 

Like fishes, the Batrachians assume high colors daring 
the breeding senson, The males of the nowts at this time 
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‘size. ‘The next important change is the growth of the front 


legs and the partial disappearance of the tail (0), while 
small toads (D und 2), during midsummer, may asaendar 


in the frog; the fore limbs are the first to grow out, 
nd te -(ohvilnien shar detent aries ai 
nowts we have the larval state of the toads and frogs 
; thus the successive steps in the development of 
feted Sieg eral apheoks ot the-avclatin of’ 
forms of the class to which it belongs. 


Fig, (91,—Metamorphouts of the Toad —After Owen ; from Tenmey"s Zoology. 


Jn certain Batrachians as the Alpine salamander, the Su- 

‘Finam toad (Pipa) and the Hylodes of Guadaloupe in the 

West Indies, the metamorphosis is suppressed, development 

direct ; though the young have gills, they do not lead 

‘an aquatic life, In the axolotl there is a promatnre devel- 

it of the reproductive organs, the larve as well aa the 
Diane bving fertile eggs. 

‘The Batrachians are inhabitants of the warmer and tem- 

\ shad zones. Frogs extend into the arctic circle. The 

mavortium breeds at an altitude of about 8000 


hee 
‘feet in the Rocky Mountains. Rana septentrionalis Baird 
‘extends to Okak, Northorn Labrador, whore tho climato is as 
‘extreme aa that of Southern Greenland ; frogs have also been 
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singly on leaves of Myriopbyllum, which adhere to the glu- 
tinons egg, concealing it. (Cope.) Those of Desmognathus 
are lnid connected by a tongh thread on land. (Baird.) The 
common land salamander, or Plethodon erythronotum 
Baird, lays its ogga in summer in packets under damp 
stones, leaves, etc. ; the young are born with gills, as is the 
ease with the viviparous Salamandra atra of the Alpa. The 
posscanion of gills by land salamanders, which have no use 
for them, and which consequently drop off in a few days, 
Toads us justly to infer that the land salamanders are the de- 
seondants of those which had aquatic larve. 

‘The lowest form of this order is the aquatic Congo-snake 
or Amphiuma means Linn., in which the body is large, very 
long, round and slonder, with small rudimentary two-toed 
limbs ; there are no gills, though spiracles survive. It lives 
in swamps and sluggish streams of the Southern States. 

A step higher in the Urodelous scale is the Menopoma, which 
ix still aquatic, with persistent gills, but the body and feet 
aro ns in the true salamanders. ‘The Menopoma Alleghani- ~ 
ense Harlan, called the hellbender or big water lizard, is 
about half a metre (14-2 feet) in length, and inhabits the 
Mississippi Valley. Allied to the Amphinma is the gigantic 
Japanere salamander, Oryplobranchus Japonicus Van der 
Hooven, which is a metre in length. Allied in size to this 
form was the great fomil elamandor of the German Tertiary 
formation, Andrias Scheuchzeri, the homo diluvii testis of 
Schouchzer, thought by this author to be a fossil man. 

Tn the true talamanders the body is still tailed, the eyes are 
rather lange ; there are no spimcles ; they breathe exclusively 
by thoir lungs, except what respiration is carried on by the 
ekin, 

‘The genus Amdblystoma comprises our largest salamandors ; 
they are terrestrial when adult, living in damp places and 
feeding on insects. The larve retain their gills toa period 
whon they are as largo or even larger than the paront. ‘The 
mont interesting of all the salamanders is the Amélystoma 
mavortinm, whose larva is called the axolotl, and was origi- 
nally described a4 a perennibranchiate amphibian under the 
name of Siredon lichenoides Baird. This larva is larger than 
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several adulta from the larva, and I have been told that sire- 
dons in the mountains among the miners’ camps near Salt 
Lake City leave the water and transform. It thas appears 
that inthe elevated plateaus* ss well az at the sea-coast, some 
wiredons tranaform while others do not. Mexican siredons 
huye for a number of years been bred from eggs in the 
aquaria of Europe, laying eggs the second year. 

‘The change from the larva to the adalt consists, as wo have 
observed, in the absorption of the gills, which disappear in 
about four days ; meanwhile the tail-tins begin to be absorbed, 
the costal grooves become marked, the head grows smaller, 
the oyes larger, more protuberant, and the third day after 
the gills begin to be absorbed the creature becomes dark, 
spotted, and very active and restless, leaving the water. Their 
metamorphosis may be greatly retarded and possibly wholly 
cheeked by keeping them in deep water. The internal 
@hanges in the bones of the head and in the teeth aro very 
marked, according to Dumeril. 

Experiments made in Europe show that the legs and tail 
‘af the axolotl, as of other larval salamanders, may be repro- 
duced, Wocut off a leg of an axolotl the first of November ; 
it was fully reproduced, though of «maller size than tho 
Others, a month later. The tail, according to Mr. L. A, 
Lee, if partly removed, will grow ont again as perfect as ever, 
vertebra and all. 

The Tritons or water-newts, represented by our common, 
protty spotted newt, Diemyctylus viridescens Rafinesque, are 
‘also known in Europe to become sexually mature in the larval 
fate whon the gills aro still present, as has been observed by 
throes different naturalists. The female larva of Lissotriton 
punctatus has boon known to lay eggs. 

Order 4. Gymnophiona.—The blind snake with its several 
iillios ix tho representative of this emall but interesting order. 


* Ix has been stated by De Sauseare, Cope, Marsh, and more recently 
by Welemann, that the siredon docs not change in its native elevated 
home, No naturalist lias seen the Mexican siredon transform Into an 
Amblystoma, but aa it does so in abundance in Wyoming and Utah, 
Ht probably transforms in Mexioo, for the Mexican species is very 
searly allied to A, mavortium. 
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ing Batrachians, their fossil ancestors had un armor of large 
‘breast-plates, with amaller scales on the under and hinder 
part of the body, 

But the largest forms were the true Labyrinthodonts repre- 
sented in the Carboniferous rocks of this country by Baphetes, 
and in Europe by Anthracosaurus, Zygosaurus, and in the 
Permian beds of Texas by Eryops. Labyrinthodonta also 
abounded in the Triassic Period, and forms like the Euro- 
pean Ladbyrinthodon or Mastodontosaurus must have been 
colossal in size. Footprints oceur in the Subcarboniferous 
rocks of this country which indicate forms still larger than 
any yet discovered in the Old World. A large number 
(thirty-four species, referable to seventeen genera) of medium- 
sized Labyrinthodonts have been described from the coal 
measures of Ohio by Cope which were characterized by 
their long, limbless, snuke-like bodies and pointed heads, 
forming « still more decided approach to the Ganoids. This 


| was the lowest group of Stegocephala, called Microsauria by 


Daweon. : 
‘Thus we have in theso Lubyrinthoidonts synthetic or an- 
miectant forms, which connect the fishes with the Am- 
and on the other hand point to the incoming of 
the reptiles, They were thus prematuritive, larval forms, 
which in certain characters anticipated the coming of a 
higher type of Vertebrate. The reptiles were ushered 
in during the Permian Period, the rocks of this age imme- 
dliately overlying the coal measures, though it should be 
_ ttated that there are obscure traces of reptiles in the Carbon- 
Hferous rocks. It is not improbable that evidence will be 
found to substantiate tho impression that the reptiles, 
‘together with but independently of the Amphibians, 
branched off from the Ganoid fishes, or from extinct forms 

‘related to them, 

Order 6. Anura.—The toads and frogs represent this 
order, which comprises tailless Batrachians, with the four 
present, the toes being very long (due to the great 
sth of the calcaneus and astragalus), while the body is 
short and broad, the skin soft and smooth, scaleloss, though 
‘small plates aro sometimes ombedded in it. ‘The lower jaw is 
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As an example of a suppressed metamorphosis, due ap- 
parently to a radical difference in the physical environment 
of the unimal, may be cited the case of « tree-toad in the 
island of Guadaloupe. There are no marshes on this island, 
consequently in a species of Hylodex the development of 
the young is direct; they hatch from the eggs which are 
laid under moist leaves, without tails, and are otherwise, ex- 
cept in size, like the adults. On the other hand, a troe-toud 
of the island of Martinique (Hylodes Martinicensis, Fig. 
436) has tadpoles, which it carries on its back. The female 
of Nototrena marsupiatum Dumeril and Bibron, of the 
Andes, has a marsupium or sic on its back in which the 
young are carried. The Nolodelphys 
of South Amorica has similar habits ; 
for example, the female Opisthodel- 
phys (Notodelphys) ovifera has a dor- 
mal mc a centimetre deep in which 
the eggs are carried. In the young 
of this and of Gastrothera also of 
Central America, Peters found traces 
of external gills. The Pipa, or Suri- 
mam toud (Pipa Americana Laurent), 
which has no tongue, neither teeth in 
the upper jaw, has similar breeding 
habits, In this interesting toad the 
young, according to Prof. Wyman, 
are provided with small gills, which, however, are of no 
nse to them, as the tadpoles do not enter the water, but are 
earried about in cavities on the back. The eggs are placed 
by the male on the back of the female, where they are 
fertilized. ‘The female then enters the water; the kin 
thickens, rises up around each egg and forms s marvupia) 

‘The yoang pass throagh their motamorphosis 

acs, having tails and rodimentary gills; these are 

absorbed before they leave their cells, the limbs develop, 
and the young pazt ont in the form of the adult. 

The toad (Bufo lentiginorus Shaw) is excoodingly asefal a» 
a destroyer of noxious insecta. It is nocturnal in its habits; 
fs harmlem, and can te taken up with impunity, thoogh it 
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gives out an irritant acrid fiuid from the skin, which may 
poison the eyelids. In New Engiand toads begin to make 
their peculiar low trilling notes from the middle to the 20th 
of April; from the latter date until the first of June they 
Iny their eggs in long double strings, and the tadpoles (Fig. 
434) are usually hatebed in about ten days after the eggs are 
deposited. (Putnam.) 

The paradoxical frog of South America (Pseudes para- 
doza Wagler, Fig. 437, 1, 2, the larva) is remarkable from the 
fact that the larva is larger than the adult. 3 and 4 repre- 
sont another species of Pseudes (P. minute). 

‘The highest genus of the Anura is Rana, of which there 
are numerons species, our American forms being the bull- 
frog (Rana pipiens Linn.), the Rana poluatria Le Conte, or 
piokerel-frog, and the marsh-frog (Rena halecina Kalm). 
They Jay their eggs in masses in the water in April, May, 
and the carly part of Junc, according to the latitude. 

While most frogs are eaten by birds, and in anch cases are 
preserved from extinction by their nocturnal habits and their 
protective resemblance to the herbage and the bark and leaves 
of trees, Thomas Belt records the case of a little Nicaraguan 
frog which is very abundant in damp woods, and “‘ hops 
about in the daytime, dressed in a bright livery of red and 
blue.” Its immunity from destruction is dne to the fact 
that ducks and fowl could not be induced to eat it, owing to 
its unpleasant taste, the same reason inducing birds to reject 
certain bright-colored caterpillars, which are distasteful to 
them, 


Cuass IV.—BATRACHIA. 


Amphibious Vertebrates, with gills in certain adult aquatic forme, all 
breathing air by lunge; the akin of existing species naked ; vwith true 
Himba like thone of higher Vertebrates ; akwull with two occipital condyles : 
heart with tieo auricles and one ventricle. Mostly oviparous; a disthact 


Order 1. Trachystomata,—Body long, cel-like, with persistent gills; 
no polvic booes or hind limbs; no maxillary bone, (Siren) 
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and flexible joint well fitted for general 
d allantois, onvelop the embryo, 


n are well developed, the sternum is rhom- 
‘there are usnally, if not always, more than three 


; ‘The body 


is covered with scales ; the blood is cold, the 
branches persist, and certain membrana, 


i 
i 
East 
uu 
i 
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The ri 
aa in the crocodiles, the highest order, four chambers ; 


‘reflections have great force in the 





‘The vertebral column is now more distinctly marked of 
than in the Batrschians ; a cervical and lumbar mgion being 
indicated in most reptiles except the snakes and turtles, Well- 
marked ribs exist in nearly all the vertebre of the trank, 
except in the turtles, where the so-called ribs are possibly, 

a 


B 


J 

rate-bone to the base of the skull. 
The primitive skull, or that part 
immediately enclosing the brain, 
has an incomplete roof, but still 
is more bony than in Batrachi- 
ans; while owing to the great 
size of the bones developed orig- 
inally in and from the palato- 
quadrate cartilage, but a small 


‘The parts forming the ‘Ms ef the toes. 
hyoid suspensorium in fishes (hyomandibular and 
bones) are, as in the Butrachians, entirely separate fn 
skull. 

While the limbs are, as a rule, absent in the 
fore legs always wanting, in a few forms, as 
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‘hoa, and Torfrices, the pelvis exists in a rudimentary state, 
‘anid attached to it is a pair of rudimentary hind legs ending 
fn claws ; in all other existing reptiles the limbs are directly 

with those of birds snd mammals, the bones of 


in which the carpal bones and 

umber. In the hind limbs an intermedium (in birds only 

-sedin the embryo) is united with the fidiale bone to 
an asfragalus or heel-bone. 


ly developed and unite above with the “ribs” to form 


the shell or carapace, while nine large plates below form 
plastron. 
‘The teeth are simple, conical, and while in the lizards 
makes they may exist on the palatine and pterygoid 
in the crocodiles, where they are implanted in sockets 
w-bones, they are, as in the mammals, confined to 
illary bones. They are reproduced as fast as they 
‘The Chelonians have no teeth, the jaws being, as 
enclosed in a stout horny case, developed from the 
‘There is a middle and internal car much as in 
New Zealand lizard, Hutteria, in the only reptile 
beginning of s spiral turn indicated in its 
ich in other reptiles is, as in birds, merely a 
cavity. (Rolleston.) The eyes of reptiles ap- 
of birds, and in both there is an upper and a 
movable eyelid besides a nictitating membrane. 
exist in reptiles for the first time among 


rely 


it 


4 


i 


‘he tongue is either not extended out of the moath, and 
a broad, as in turtles and crocodiles and some lizards, or as 





cate aa. 
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iguana are laid in the hollows of trees, Certain 
a8 the vipers, are viviparous. In many snakes and 
the development of the embryo goes on in the egg 
it leaves the oviduct ; such species are said to be ovo- 
viviparous, the young being born living. The Butania 
sirtalis, or common striped snake, brings forth its young 
alive, and is probably ovoviviparous rather than viviparous, 
The early phases of the development of the reptiles, in- 
eluding the origin of the amnion and allantois, is mach as 
in the chick. In the turtle, by the time that the heart has 
become three-chambered, the vertebre have reached the 
root of the tail, the eyes have become entirely enclosed in 
complete orbits, and the allantois begins to grow. The 
nostrils may now be recognized as two simple indentations 
at the end of the head, and at firat are not in communica- 
tion with the mouth, but soon a shallow furrow leads to it. 
‘The shield begins to develop by a budding out laterally of 
the musenlo-cutaneons layer along the sides of the body, 
and by the growth of narrow ribs extending to the edge of 
the shield. In the oviparous snakes (¢.g., Natrix forquata) 
the embryo partially develops before the egg is laid, while 
tho young hatches in two months after the egg is deposited. 
‘By this time the amnion is perfected, the head is distinct, 
and shows tho eyeball and ¢ar-sac ; also the maxillary and 
mandibular processes. The allantois is about as lange as the 
head. The long trank of the serpent grows in a series of 
decreasing spirals, and when flye or six are formed, the rudi- 
monts of the liver and the primordial kidneys are discern- 
ible. At the latter third of embryonic life the right lung 
Appear as a mere appendage to the beginning of the left. 
‘The reptiles are essentially tropical and subtropical ani- 
mala; they are scarce in north temperate countries, though 
in North America snakes extend north farther than lizards ; 
in Europe snakes ceaso at 60° north latitude, and at 6000 
feet elevation in the Alps; lizards in Europe sometimes ex- 
tend farther north than snakes, and ascend to an ¢levation 
of 10,000 fect in the Alps. Reptiles are usually wanting in 
oceanic islands which possess no indigenous mammals, though 
lizards are sometimes found on islands where there aro 
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movements of the large ventral scales, which are successively 
‘advanced, the hinder edges of the seales resting on tho 
ee ree fulera; resting on these the body is 
} drawn or pushed rapidly forwards. 
- ‘The brain of serpenta ia small, much as in the lizards, the 
"cerebellum being especially small and flat, while the cerebral 
| hemispheres together form a mass brouder than long. 
‘The more characteristic features of the internal anatomy 
of snakes is a want of symmetry in the paired organs, as seen 
| in tho absence of a second functional lung, and second pul- 
| monary artery, ono of the lungs being minute, rudimentary, 
_ while tho other is very long and large ; the trachea is also 
yory long, while the right ovary is larger than the left and 
_ placed in front of it. The other viscera are so arranged as to 
pack well in the long narrow body-cavity. 
| Phe student should dissect a snake with the sid of the ac- 
eompatiying figure of the common striped snuke (Mutenia 
sirtalis Baird). 

A fow snakes are viviparous, as the vipers ; others are ovo- 
‘yiviparons. In the oviparous Natriz torquata of Burope, 
the embryo partly develops before the egg is laid, while the 
young hatches in two months after the egg is deposited. At this 
time the ummion is fully formed, the head is distinct, us well 

8s the eyeball, and ear sac. ‘Lhe long body grows in a series 
of spirals, and when five or six aro formed, the 
rodiments of the liver and of the primordial kidneys may be 
detected, while at the latter third of embryonic life, the 
Tight lung appears as a mere appendage to the beginning of 
the left. The embryo, ut the time of hatching, is provided 
with a temporary horny tooth on the snout to cut through 
the ogg shell. 

Most snakes conform in coloration to the nature of the 
soil or places they froqnent ; some being, as in the rattlesnake 
of the wostern plains, of tho color of the soil in which thoy 
burrow ; the little green snake is of the color of the grass 
through which it glides; other are dull gray or dusky, har- 
monizing with the color of the trunks of trees on which 
they rest. The poisonons Flaps of the Central American 
forest ix guily and conspicuonsly colored ; indeed it can uf- 
ford to be brightly colored, as no birds dare to attack i. 








POISONOUS SNAKES, 


‘The Salenoglyph poisonous snakes may always be recog- 
nized by their broad, flattened heads, and usually short thick 
bodies. ‘The poison gland of the rattlesnake (Fig. 442, a) is 
a modified salivary gland. ‘The two fangs are modifications 
of maxillary teeth, exch of which has been, so to speak, 
preased flat, with the edges bent towards each other, and 
soldered together, so as to form a hollow cylinder open at 
both ends, the poison duct leading into the basal opening. 
When the fangs strike into the flesh, the muscles closing 
the jaws press upon the poison gland, forcing the poison 
into the wound. The poison-fangs are meee in the most 
deadly species, as 
the viper ( Vipera), 
the puff adder 
(Clothe), the rat- 
tlesnake, and fer- 
de-lance (Trigono- 
cephalus), but are 
small in the asps 
or hooded snakes 
(Naja). The bite 
of the rattlesnake 
hope dese 


mk s 
cing, and by cauter- Eeiottfary Heatient ‘which Jolne ibe apoasaroio 


capsule of 
izing the wound, muscle ;£, vertebro-mand \ibular muscle; v, costo- man- 


and drinking largo Wbnlar tauscte,—After Davernoy. 

quantities (ut least a pint) of whiskey or brandy, sufficient 
ordinarily to produce insensibility. Deaths from the bite of 
rattlesnakes are not common, while in India it is estimated 
that several thousand people annually die from the bite of 
the cobra—t10,000 dying each year from the bite of snakes 
and the attacks of wild beasts. The “‘rattle” of the rattle- 
gnake is a horny appendage formed of buttonlike compart- 
ments ; the sound made by the rattle, which has been com- 
pared by some to the stridulation of a Carolina locust, or of 
the Cicada, is an alarm note, warning the intruder ; the rat- 
le is spring before the snake strikes. Allied to this snake 


gon gland ; F, the cerviesl angular 
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arches of the vertebral column interlocked more extensively 
than in other reptiles except the anakes. They swam rapidly 
through the water by rapid undulations of their bodies aided 
by the paddles. ‘Tho ekull was not eo strong, though as 
Hight as that of the serpents. ‘‘ While the jaws were longer, the 
gape was not so extensive as in serpents of the higher groups, 
for the os quadratum, the suspensor of the lower jaw, though 
equally movable and fastened to widely spread supports, was 
fonch shorter than in them. But there was a remarkable 
atrangoment to obyiate any inconvenience arising from these 
points. While the branches of the under jaw had no natural 
connection, and possessed independent motion, ns in all ser. 
pents, they had the additional peculiarity, not known else- 
Whore among Vertebrates (except with snakes), of a movable 
articulation a little behind the middle of each. Its direction 
being oblique, the flexure was outwards and a little down- 
wards, greatly expanding the width of the space betwoon 
thom, and allowing their tips to close a little, A loose flexi- 
ble pouch-like throat could then receive the entire prey 
swallowed between the branches of the jaw ; the necessity of 
holding it long in the tecth, or of passing it between the 
short quadrate bones could not exist. Of course the glottis 
and tonguo would be forwards.” The order became extinct 
before the ‘Tertiary Period. 

Order 3. Lacertilia, ~The existing lizards or Saurians are 
the survivors or descendants of a multitude of forms, many 
colossal in size, which characterized the Permian and Meso- 
zoic periods ; while the extinct forms of reptiles wer in 
many cases synthetic types, with affinities to fishes, Am- 
phibians, and even birds. ‘The group as now existing is well 
circumscribed. 

Most lizards have cylindrical bodies, usually covered with 
#mall overlapping scales, with a long, slender tail, and general- 
ly two pairs of foot, the toes long and slender, and ending in 
claws, They run with great rapidity, and are active, agile 
‘@reatures, adorned with bright metallic colors, in some cases 
fteen or brown, simulating the tints of the vegetation or 
soil on which they live; some are capable of changing their 
‘color at will, as in the chameleon and Anolis; this is due to 





HORNED TOADS. 503 


the shoulder-girdle invariably remains, the pelvic-girdle in 
such cases disappearing; the pelvis being complete, how- 
ever, when the hind limbs are present. The feet are five- 
toed. The internal anatomy of lizards has already been de- 
Seribed and illustrated on p. 493. In the snake-like lizards 
(Angwisx) the left tung is the smaller, and in Acontias 
and Typhiine it is almost wanting. A urinary bladder, 
Wanting in the snakes, is present in lizards. 

‘The lizard lays eggs in the sand or soil ; those of the iguana 
are deposited in the hollows of trees, Certain lizards are 

m1, 

"There are between seven hundred and eight hundred species 
of oxisting lizards, most of which inhabit tropical or subtrop- 
ieal countries ; eighty-two species of lizards inhabit America 
north of Mexico. The earliest lizards date buck to the Kim- 
meridgo or middle division of the Jurassic rocks. 

Reviewing some of the more interesting lizards in the as- 
conding order, we may, passing over the snake-like, limbless 
Amphishona, and the limbless glass snake (Opheosaurus), 
first consider the chameleon of the Mediterranean shores, in 
which the eyes aro movable with a circular eyelid, and with 
the five toes in two opposable groups adapted for grasping 

of trees. It is remarkable for its power of changing 
ita colors The tongue of the chameloon (Fig. 443) is 
capable of extending five or six inches, und is covered with 
am sticky secretion for the capture of insects, as the cres- 
ture itself is very sluggish. The chameleon of oar country 
is the Anolis of the Southern States, and is a long smooth- 
bodied lizard, which can change its color from # bright pea- 
fren to a deep bronze-brown. 

Tho horned toads (Phrynosoma) are characteristic of the 
dry western plains ; the body is broad, flattened, and armed 
‘With spines ; its coloration depends on that of the soil it in- 
habits. Tt will stand long fasts. When PArynosoma Dou- 
Glassii of the Northwestern Territories and States is about to 
‘moult, small dry vesicles appear on the back and sides, run- 
‘ning along the horizontal rows of pyramidal scales forming 
‘the margin of the alxiomen. In a day or two the vesicles 
“break and desquamation begins, which continues for eight or 
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ing forms, yet they have some affinities with the Batrachia, 
‘They are distinguixhed from the other reptiles by the shell, 
the upper part forming the carapace, and the lower the 
_plastron ; these two parts unite to form a case or box within 


EE Ce Rtstoton of Buropean Tortoise, with the plastron or under shell removed. 


which the turtle can retract its head and limbs and tail. 
‘Owing to the presence of the carapace, the dorsal vertebra 

” are immovable, and the ribs do not move upon the yertebne, 
The bones of the ventral shield or plastron are usually 
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mosentery, and contains three oval eggs, one of which is 
lettered Zy. The oviduct can be followed to its anterior 
end which is mach pigmented and has « terminal opening. 
The cut-end of the left oviduct (ovd) shows the folds of the 
lining mucous membrane. 

The ovary (0) is likewise suspended by a thin membrane, 
the mesovarium, and is equally developed on both sides in 
complete specimen. It is easily recognized by the numerous 
bulging yellow spheres, of all sizes, which are the egg-yolka 
in various stages of development. 

Tho heart of the turtle (Fig. 447) will repay careful dis- 
wection, A small round body lios just in front of it; this is 
usually considered the equivalent of the thyroid gland, 
through its real nature is ¢till un- 
eertain. The heart itself (Fig. 447) 
oonsists of two auricles and one 
Yentriclo (ven), with an imper- 
feet internal septum. It receives 
the veins upon its dorsal surface, 
and gives off the arterial trunks 
from its ventral side. The two 
Muricles are equal in size ; together 
they « little more than equal the 
Wentricle. The arterial vessels arise 
together « little to the right, and 
are most conveniently described as 
three in pumber: ist. The right 
porta (# Ao) arising on the left; 
2d. The left aorta on the right 
{Z Ao); the two cross near their | 
origin and curve upwards and back- 
wards, to reunite posteriorly just in front of the retractor 
muscles, their union forming the single median descending 
aorta; 3d. The pulmonary aorta (pa), which soon ¢ 
into a branch for each lung. The left sorta ¢ 
branch (7) which porsists as a mere cord, the remnant of the 
ductus arteriosus, which originally united the aorta with the 
Lee artery. The right aorta gives off an dnnoninate 

ih, that soon divides, and from each division springs 
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the Galapagos Islands, the Mascarine Islands (Mauritius and 
Rodriguez), and also of the Aldabra Islands, lying northwest 
of Madagascar, are in some cases colossal in size, the shells 
being nearly two metres (six feet) in length. The fierce Mas- 
eurine species were contemporaries of the dodo und solitaire, 
and are now extinct. The bones of extinct similar «pecies 
haye been found in Malta and in one of the West Indian 
islands. The land tortoises are long-lived and often reach a 
greatage. Certain tortoises of tho Tertiary Period, as the 
Colossochelys of the Himalayas had a shell twelvo feet long 
and six fect high. The turtles extend back in geological 
time to the Jurassic, a species of Compsemys being char- 
acteristic of the Upper Jurassic beds of the Rocky Moun- 
tains. (Marsh.) 

‘The eges of turtles, as those of birds, are of large size; 
they are buried in June in the sand and left to be hatched 
by the warmth of the sun. It is probable that turtles do not 
lay ogg until eleven to thirteen years of age. The develop- 
ment of turtles is much aa in the chick. By the time the 
heart becomes three-chambered, the vertebrw develop as far 
ga the root of the tail, and the eyes are completely enclosed 
in their orbits, The shicld begins to develop as lateral folds 
along tho sides of the body, the narrow ribs extending to the 
@dge of the shield. In the lower forms of turtles (the 
Chelonioida), the paddle-like feet are formed by the bones of 
the too becoming very long, while the web is hardened by 
the development of densely packed scales, so that the foot is 
nearly as rigid as the blade of an oar. 

Order &.. Rhynchocephalia.—The only living represonta- 
tive of this ordor is the Sphenodon or Hatteria of New Zea- 
fund ; a lizard-like form of simpler structure, however, than 
the lizards in general. ‘This rare creature somewhat ro- 
sembles an iguana in appearance, having 4 dorsal row of 
spines. It is nearly a metro (32 inches) in length. In this 
group the vertebrm are biconcave ; the quadrate bono is im- 
movable, and there are other important characters based on 
study of the living and fossil forms, the latter represented 
hy the Trimsic Rhynchosanrus and Myperodapedon, 

Order 6, Tehithyopterygia.—This order is entirely extinot. 

















the Tohthyosaurs, swimming by padidle-like feet, but the neck 
was yory long, and the head rather «mall. The largest trae 
Piosiowor was about nine metres in length. They abounded 

pthe Jurassic and Cretaceous period, During the lat- 
ter period off the coast of Now Jersey and in the sens of 
Kansas flourished huge Plesioswurian reptiles, such as Blas 










wosanrus, which had an enormous comprowod tail, The 
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Fig. 451) in which the jaws are much narrower, iz over two 
and a half motres (14 fect) long. It inhabits the rivers of 
Florida whore it is very rare, and also the West Indies and 
South America. ‘The cayman of Guiana belongs to a dis- 
tinct genus, Caiman, and is characteristic of tho rivers of 
tropical South America. 

Order 10. Dinosauria.—We now come to reptiles which 
have more decided affinities as regards their skeleton (the 
only parts preserved to us) to the birds, especially the os- 
triches, than any reptiles yet mentioned ; while the Dino- 
mire were genuine reptiles, in the pelvis and hind limbs, 
including the foet, they approached the birds. This is seen 
especially in the ischium, which is long, slender, and inclined 
backwards as in birds. In the hind limbs the resemblance 
to birds is seen ; among other points, in the ascending pro- 
cose of the astragalus, in the position of the farther (distal) 
end of the fibula, and in their having only three functional 
toes. The fore limbs were shorter and smaller than the 
hind extremities, sometimes remarkably #0. Moreover, the 
Timb-bones, vertebre, and their processes were sometimes 
hollow; the sacrum consisted of four or five consolidated 
yertebre, in this respect anticipating the birds and mam- 
mals, They walked with a free step, like quadrupeds, 
instead of crawling like reptiles ; some walked on the hind 
Tege alone, making a three-toed footprint, occasionally 
putting down tho forefoot, like the kanguroo, The lar- 

Dinosaurs were the Zyuanodon, which was from ten 
to sixteen metres (30-50 fect) in length, and the Cama- 
yasaurus (Atluntosaurus) which was about twenty-seven 
metres (80 foct)in length. The Cetiozavrus had a longth of 
from twenty to twenty-three metres (60-70 feet). Tho Ha- 
drosatirus stood on its ponderous hind legs, with a statare of 
over vight motres (25 fect). These were bulky, inoffensive, 
herbivorous monstors, able to rise up on their hind feet and 
Drowse on the tops of trees; their undue increase was 
prevented by carnivorous forms like La/aps, which was an 
aotive, pomibly warm-blooded Dinosaur, with light, hollow 
bores, large claws, and sormte, conical teeth. It stood six 
motres (18 feot) high, and could leap a distance of ten 
metres through the air. (Cope.) 
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Rhamphorhynchus had teeth in the back of the jaw, the 
ends of the jaws being toothless and probably encased in 
horny beaks, while in Pteranodon the jaws were toothless. 
They wore of different size, some expanding only as much 
‘Bea sparrow, others with a spread of about nine metres (27 
Weot). They were contemporaries of the Dinosaurs, several 
forms, discovered by Marsh, occurring in the Cretaceous 
bods of Kansas, 


Cusss V. KEPTILIA. 


Air-breathing Vertebrates, with limbe weoally exiting in clases ; limba 
pometines absent, rarely paddle-shaped ; body rile weell deecloped ; 
TAMPE $n Phe highest forms four-chambered ; Told Mode an incomplete 
dowhle circulation ; oviparows ; egys larye; embrye with en amnion and 
allantois ; no metamerphors 
(Order 1. Ophidia.—Bods long, cylindrical, usually limbless : no sboal- 

der girdle. (Buursia,) 

Order 2, Pythonomorpha.—Extines, suake-like, limbs paddie-shaped. 
(Mosnsauras) 

Order 3, Lacertitia.—Body with a long tall; asually foar limbs; mouth 
not dilatable, the bones of the jaw being frm. (Sceleporas,) 

Orter 4. Chedonia.—Bosy enclosed in a thick shell, witkin which the 
Iuead and limbs can be withdrawn. (Testado.) 

Order 5, Rhynchoerphalia.—Litard-like ; vertebra: bi-coneave, species 
mostly extinct. (Sphenodou.) 

Order 0, Ickthyopterygia—liead large, orbite large; limbs paditle- 
shaped ; extinet forms, (Ichthyosaurus, ) 

Order 7. Therommorpha.—Mariaal-like sastiane with solid pelvis and 
shoulder-gindle, and with canines, of toothless and beaked. 
(Dicynodoa.) 

Order 8, Snuropterygia,—Extinct colossal saurians, with Jong nocks, 
end of moderate size. (Elasmomuras) 

‘Order 9. pepere Th scaled; heart four-chambered, (Croco- 

a ian.) 


Order 10. Peet ce extinct msurians, capable af rlalng 
and resting on the hind legs, und making three tood tracks 
~- (UWadrossurus.) 
OrMer 21. Plerosrurin—Extinet fying sourlans, with the fare limbe 
large ned very long ulnar finger; toothed of wothlen:. 
(Piorodactylus) 
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caloareous shell ; there is an amoie= and allantois, and no 
metamorphosis after hatching. 

The external form of birds is very persistent ; the different 
parts of the body have been named im terms of continual ase 
im descriptive ornithology. Hence, without entering into 
details, we reproduce from Coues’s “Key” hie figure of the 
topography of a bird. 

‘The student, after o careful study of the external form, 
should prepare a skeleton of the common fowl, or examine one 
already at hand, and observe thowe characters peculiar tobinds. 
The akull is formed of bones consolidated into a more reemy 
brain-box than in any reptiles, unless it be the Preromurians. 
In the parrots the beak of the apper jaw is articulated (Fig. 
453, ») the skull, so that the movement of the beak on the 
skull is unusually free. The a 
qusdrate bone (Fig. 453, ¢) ix 
usually movable on the skull ; 
and in the parrots when the 
mouth opens the upper jaw rises, 

#ince when the mandible is low- 
ered, the maxillo-jagal rod 
or bar (Fig. 453, 2) pushes the 
promaxilia (22) upwards and 
forwards. This is 4 constant fea- 
ture in recent binds, the degree 
of motion which this peculiar 
mechanism allows being variable. Orr 

The form of « bird’s vertebra is peculiar to the class; the 
articulation of the body (centrum) in all the vertebrm in 
front of the sacrum being saddle-shaped. “In Strigops 
and «few other land birds; in the penguins, the terns, and 
some other aquatic birds, one or more veriebre in the dor- 
wal region are withont the saddle-shaped articulation, and 
are either opisthocmlian, or imperfectly biconcave.” (Marsh. ) 
Tn the fossil ZeAthyornis, which had a powerful flight, the 
Vortebre are bi-concave, as in fishes, and Amphibians, and 
a few reptiles ; but the third cervical shows an approach to 
the saddle-vortebre of ull other birds. ‘Tho saddle form 
Fenders the articulation strong and free, and expecially 
udapted to motion in a vertical plane. (Marsh.) 
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no bony union of the two pubic bones, nor do the ischia 
‘unite with the sacram or each other, except in Rhea. In the 
ostrich, the pubic bones are solidly united. The hind limbs 
(Fig. 456) are two, three, or four toed, the ostrich haying 
Wut two digits ; in most four-toed birds, one toe (the hallux) 
Wi directed backwards, while in the parrots and trogons, 
ote., there are two toes in front and two toes behind, and 
in the swifts and certain other forms all 
Tour toos are tarned forwards. The bones of 
the skeleton are dense and hard; both the 
Toug bones and the bones of the skull are 
¢ommonly hollow, containing air; the air-sacs, 
Th connection with the lungs, communicating 
with the hollows of the bone. In some birds 
which fly well, only tho skull-bones have air- 
Hells, while in the ostrich which is unable to 
Aly, the bones have oven a greater number of 
@avities than the gull. The body during 
Hight ia thus greatly lightened, and the bird 
an sustain itself in the air for many hours in 
succession, 

With all these characters, the most re- 
markable and diagnostic external feature is 
the presence of feathors; no reptile on the 
one hand, or mammal on the other, is clothed 
with feathers, thongh the scales on the legs 
nd foot of birds are like those of reptiles, pe gse—ttind 
and it should be borne in mind that feathers Ym, sa Rawk: 
aro fundamentally modified scales or hairs, femurs ubles 
The ordinary feathers are called penna or sary: ”. the rame 
contour feathers ; as they determine by their Seen rom in trot : 
Arrangement the outline of the body, ‘They $e Siacne 
are, like hairs, developed in sacs in the skin; ™"” 


the quill is hollow, partly imbedded in the derm ; this merges 
into the shaft, leaving the outgrowths on each side called barbs, 
which send off secondary processes called darbules. These 
tertiary processes (called barbules and hooklots) are com- 
monly serrated, und end in little hooks by whieh tho bar- 
bules interlock. Down is formed of feathers with soft, 
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tine) is long and ends in a cloaca, which receives the ends 
of the urinary canala and oviducts. Attention shonld be 
#iven to the trachea ; its bronchial branches, the larynx and 
thesyrinz or lower larynx, which may be developed either 
at tho end of the trachea, or at the junction of the trachea 
and bronchi, or in the bronchi alone. The thymus gland 
(Fig. 458, th) is very large and long, while the thyroid (¢) ia 
®emall, oval mass situated at tho beginning of the bronchi. 
The following account and drawings of the anatomy of 
the pigeon have been prepared from original dissections by 
Dr. ©. 8. Minot. As pigeons are one of the most readily 
Obtainable and convenient types of birds, the following 
description of the anatomy of a male is given as illustrative 
of the class, those peculiarities being especially noticed by 
which birds are distinguished from reptiles and mammals, 
Before dissecting a bird, it must be carefully plucked ; 
this operation is mach facilitated by dipping the animal in 


boiling water for a few minutes. The limbs and muacles of 
one, best of the left, side are to be removed ; the powerfal 
muscles cut off close to their attachmont to the 

of tho breast-bone, and the ribs then cut away, care 
being taken to avoid injuring any of the internal organs, 
most of which will now be displayed in sifm nearly as shown 
im Fig. 459, which represents a dissoction carried somewhat 


‘The skin (Fig. 459, #, from the neck) is characterized by 
the presence of numerons ridges which cross one another, 
Bo as to enclose quadrilateral spaces ; at the intersections 
‘of tho ridges are amall pits in which the feathers are in- 


serted. 

‘The digestive canal begins in the horny bill with three 
Openings, one the large gape or mouth, and two oblique 
elongated nasal clefts (n), through which respiration is or- 
dinarily alone effected. It then extends backward under- 
‘Meath the base of the skull, where it splita into the asopha- 

‘and trachea, two large tabes which ran down the front 


Just below the head the trachea lies, in ita 
Position, in front of the oxophagus, thoogh in most 
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Each lung has upon its outer and dorsal surface five trans- 
verse depressions, corresponding to as many ribs, ‘The 
bronchi and pulmonary blood-vessela enter together the 
anterior third of the lungs, and follow one another in their 
Tamifications, but the bronchus traverses the lungs, giving 
of numerons branches, and opens into the abdominal air- 
fac, while upon the surface of the Iungs there are small 
openings communicating with the remaining air-sacs. 
These structures the student had best tear through and 
altogether neglect in his first dissection. ‘The air-sacs are 
thin-walled bags, nine in number : threo near the clavicle, 
four in the thorax, and two in the abdomen ; their ramifi- 
ations extend even into the bones, most of which are ac- 
eordingly found to be hollow. This striking organization 
is one of the most characteristic peculiarities of birds, and 
#erves to lighten the body by filling large spaces with warm 
Bir, besides fulfilling certain other less obvious functions, 
Th many chamoloons and some Geckos the lungs have di- 
Vertioula or offshoots, which foreshadow the air-sacs of 

The alimentary canal consists of seven parts: the as- 
ophagus, crop, glandular and muscular stomachs, large and 
small intestines, and clonca, The msophagus extends about 
three fifths of the way down the right side of the neck, and 
is approximately of the same diameter as the trachea, with 
regard to which, as before mentioned, it lies symmetrically. 
It opens into the crop (Cr), « thin-walled sac, which fills 
the triangular space between the base of the neck and the 
keel of the sternum, and forms a large part of the curved 
Outline of the breast. In the specimen figured, the left half 
‘of the crop has been removed to show the irregular folds 
Upon the inner surface, the deep lateral pouch and the 
three posterior longitudinal folds of one side, which serve 
to guide the food onward to the stomach. As shown in 
Fig. 459, D, the crop (Gr) ends just to the right of and 
ubove the trachea, in « dorsally-placed, narrow tube, that 
reaches to the origin of the bronchi, and there gradually ex- 
pands into the glandular stomach, which cannot, however, 
be seen in a general dissection, while the heart, lungs, and 
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opening into the upper part, while the longer duct, after 
uniting with that of the pancreas, opens into the lower part 
of the duodenum. 

‘The length of the neck in birds is never less than the 
height at which the body is carried from the ground ; the 
number of vertebrw entering into its formation varica from 
9 to 24 (swan) ; in the pigeon there are twelve, accompanied 
‘by # corresponding number of spinal nerves, the branches of 
which may be observed immediately underneath the skin. 
The main mass of the neck is composed of the vertebral col- 
‘umn and muscles, the trachea and asophagus. On either 
ide of the base of the neck, in close proximity to the trachea 
and carotid artery, is a small oval white body, the thyroid 
gland (7), at first developed as an evagination of the fore- 

but afterward becoming a closed and ductless sac, 
Which is found in the majority of vertebrates, but the use of 
which to the organism is entirely unknown. Above the thy- 
oid lie the carotid artery and jngular vein, the main vas- 
ular trunks of the head and neck. The right jugular vein 
is usually the largest. Along the side of the neck, above 
‘the trachea on the left and the esophagus on the right, lies 
“the elongated thymus gland (7m), drawn somewhat dia- 
Brammatically ; this gland forms part of the lymphatic sys- 
tem, and in minute structure resembles the spleen, 

The heart (¢) lies immediately below the lungs and 
‘against the sternum, with its apex between the two lobes of 
the liver pointing obliquely downward and backward ; it 
8 enclosed in a thin membranous bag, the pericardium, 
Which is filled with serous fluid and attached to the roots of 
the main vascular trunks. To study the heart, it must be 
excised, taking the greatest care to leave as much as possible 
Of the voasels, especially the large veins behind, in conneo- 
tion with it, Viewed from behind (Fig. 459, C), the heart 
is seen to be composed of four chambers, the two anterior 
‘ones, the auricles, being the smaller. The left auricle receives 
mpon its dorsal side the opening of the united pulmonary 
veins (Pv), one from each lung ; the right auricle is larger 
than the left, and receives in its upper portion the right vena 
eave superior (Ved); in ite lower portion the left vena 
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While in former times existing birds were divided into a 

number of “‘ orders,”’ these are now known to be sub- 

divisions of sub-classes or orders—i.¢., sub-orders (the latter 

is adopted in this book), and probably in many cases 

Bhonld be honored only with the rank of families. The 

discovery of the Archaeopteryx and of birds with teeth and 

biconcave vertebre has essentially modified prevailing views 
as to tho classification of birds. 

Order 1. Saurura,—The oldest bird, geologically speak- 
ing, is the Archaeopteryx (Fig. 460) of the Jurassic slates of 
Solenhofen, Germany. ‘This was a bird about the size of a 
crow, the tail being 22 cent. (8-9 inches) long, but longer 


Fig. W.—Roxtemation of Arekeopteryx macrura,—Afice Owen, from Nieholswoa, 


than the body, supported by many movablo vertebra and 
govertd with feathers in distichous series, not in the shape 
ofafan. The jaw-bones were long, and probably contain- 
ed teeth. In this respect and in the long tail the creature 
perved us a connecting link between the reptiles, such as 
the bird-like Compeognathus and tho existing birds. Tho 
hind legs and wings have the ordinary bird structure, 
thongh the metacarpal bones were not co-ossified ; the foot 
consisted of four digits. 

Order 2, Odontornithes.—Still another connecting link 
between the reptiles and birds has been discovered by Mural 
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maximus, of Madagascar, supposed by some to be the roe 
of the Arabian Nights’ Tales. Of t bird, remams 
of the skull, some yertebre, and a ted long, hare 
beon found. ‘The single egg discovered is of the capacity of 
one hundred and fifty hens” ege=. 

To this order belong the three-tood casowaries of the 
Bast Indies and Australis, and the emen of Australia ; both 


A6i-—Mon, Pulupterya, with tree Kivi-kiwi binds—After Hochstotter, from 
moter ‘Zoology. 


fof thees birds are about 2 motres (5-7 fect) high. Tho 
Bouth Amorican ostrich (Rhea Americana) with three toes to 
each foot, is n smaller bird, standing 1-3 metres high, ran- 

it small herds on the pampas. The two-toed ostrich 
(Struthio ‘camelus Linn.), of tho deserts of African and 
“Amibia, now reared for the feathers of its wings and tail, so 








Ged @ Teme and New Nese, er of os 
(Eee 
4 Contests. —Al oer Deo weds tele = Se 


The penguins are coined we the mxtamcir cece §=Thes 
ere large birds and form » chemererecamir cement = s Pte 
gonian landscape The bones ace anid, met gt: and bel- 


much from the other divers that they are new after ranked 
as a separate group of thi crade, called Sphenisc. 

The guillemots and anks are characteristic arctic birds 
Tanging from Labrador northward, and have great powers 
of flight. The gare fowl, or great 
ank (Alca impennis, Fig. 462), is 
nearly or quite extinct, being un- 
til Intely confined to one or two 
where it has been extinct since 
1844, and to Labrador, thongh 
formerly it ranged from Cape 
Cod northward, a few survivors 
having lived on the Funks, an 
islet on the eastern coast of New- 
foundland, within perhaps thirty 
yours, 

The loons are well known for My. ss—Rowale Tem —Prom 
‘thoir large size and quickness in °°" i 
diving. They are migratory, laying two or three eggs in 
rushes near the water's edge. 

The potrels, gulls, and terns (Fig. 463, roseate tern) rop- 
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Wiundred small fishes. In the East Indies, pelicans are 
tamed and used by the natives in fishing, a+ is the cormorant 
int Ohina, while in early times it was in England. 

The ducks and geese (Zamellirostres) have usually broad 
bills furnished with lamellate, teeth-like projections. The 
foot aro palmated, adapted for swimming rapidly. In the 
Mergunsers the bill is narrow and more strongly toothed. 
The cider duck (Somateria mollissima) breeds from Labra- 
dor around northward to Scotland, plucks its down from its 
breast, building with it a large loose warm nest under low 
Hushes on the son-cosst, where it lays three or four pale 


Fig. 405.—Samuner Daek,—From Cour’ Key, 


dull greon eggs. The canvas-back (Muligula vallieneria) 
fovils, as its spocific name implies, on the wild celery ( Fal- 
Fisneria) on the middle Atlantic coast in winter, whence it 
Morives its delicious flavor. The summer duck (Atz sponaa, 
Pig. 465) breeds in trees, The original source of our do- 
imisstio duck is the mallard, or Anas doschas. It is known 
to crow with various other species, Upward of fifty kinds 
Of hybrid ducks aro recorded, some of which have proved 
10 be fertile (Cowes). The black duck (Anas obscura) is 
abundant on the shores of Northeastorn America, and is fro- 
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Allied to the gallinules is the “ giant” or Gallinula (Le- 
guatia) gigantea of Schlegel (Fig. 467), which formerly lived 
in the Mascarene Islands, having been observed aa late as 
1694. Itatood two metres (over six feet) high. With it was 

associated a large blue galli- 

nule—Porphyrio (Notornis?) 

corulescens Selys—which was 

last seen on the Isle Bourbon 

between 1669 and 1672. It 

was incapable of flight, but 

ran with exceeding swiftness. 

The cranes are of great 

stature, the legs and neck very 

4) eeaiaaemal Curkw.—From long, with the head sometimes 

i curiously tufted. With the 

true herons are associated the night herons and the bitterns 

of the United States, the boat-billed heron of Central Am- 

erica, and the odd Balaniceps rex of Africa, which has an 

enormous head and broad, large bill. The herons are suc- 

ceeded by the singular spoon-bills represented by the rose- 
ate spoon-bill, and which, with 
the wood Ibis and other species 
of this group, adorn the swamps 
and bayous of the South Atlan- 

tic and Gulf States. 

The shore-birds, or the cur- 

lews (Numenius longirostris, 

Fig. 468), plover, sandpipes, 

peeps, snipes (Gallinago Wil- 

wonit, Fig. 469), woodcock, and 

stilt (Himantopus nigricollis, 

Fig. 470), are long-legged, long- 7 

billed birds, going in flocks by LL" 

the seashore or river-banks, Pi. —Amorion Salpe—From 
sometimes living inland on low °°" 

plains ; they are not, generally speaking, nest-buildera, the 
zg being laid in rude nests or hollows in the ground, 
Thoy feed on worms, insects, and snails, oither picking 
them up from the surface or boring for them in the mud or 
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 tnice and other small nocturnal animals, ejecting from the 
" mouth a ball of the indigestible portions of their meal. 
‘Th little burrowing: owl of the western plains (Spheotyto 


ttlestiakes, nesting in the holes when deserted. ‘Their 
Seats, dull hues assimilate them with the color of the soil 
‘they inhabit. Our largest owl is the great gray owl (Syr- 
‘ium cinerewm) ; it is nearly $ metre (24 fect) in length, and 


Fig. #78—Carolina Purroquet—Prom Cowes’ Key, 


W an inhabitant of Arctic America. A visitor in winter 
from tho Arctic regions is the snowy ow! (Nyctea nivea), 
Which is nearly % m., or two feet long. The great horned 
Owl (Bubo Virginianus) is about the same size ax the snowy 
Owl, bat has two conspicuons car-tafts, adding to its height 
"and its general impressiveness as « bird of more than ordi- 
Baguoity. 
more intelligence and gifted with the power of specch 
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and the bill is straight and strong. The tongue is long, 
flat, horny, and barbed at the end, and can be usually darted 
out with great force, so that the bird can make holes in the 
bark of trees and draw out the larve of insects boring under 
‘the bark ; in this way these birds render us signal service. 
‘The tongue, as in all vertebrates, is supported by the hyoid 
tus, especially by two cartilaginous appendages to the 
hyoid bone, called * the horns.’’ These in the woodpeckers, 
when fully developed, are curved into wide archos, coach 
horn making a loop down tho neck, and thence bending 
upward, sliding around the 
skull, and even down on the 
forehead. Through a peculiar 
Tonscular arrangement of the 
sheaths in which the horns slide, 
they can be retracted down on 
the oocipat, and work as springs 
on the base of the tongue, foro- 
ing it out with great velocity. 
Lindab] has noticed in some 
European woodpeckers an asym- 
‘Metric arrangement of the horns 
na indicated in Fig. 474. 
‘The second group, the Cuculi, 
comprise the hoopoes, horn-bills, 
Kingfishers, toucans, and cuck- 
os, These are succeeded by 
‘the Oypseli, embracing the hum- .2%., ,{? — Nlehihuwk. — Prom 
ming-birds, goatsuckers, ewifts, 
nighthawk (Chordeiles Virginianus, Fig. £75), and whip- 
poorwill, which have long pointed wings, great powers 
of flight, small weak feet, and, in the humming-birds, 
Tong sender bills, The latter are peculiar to America, 
being chiefly confined to South and Central America, only 
ane species (7rochilus colubris Linn.) extending into the 
Eastorn United States, though a dozen or more species o¢- 
our in the Western United States, and vory many in Mexico. 
The highest group of birds, those which sing, are the 
Passeres or porchers. In these birds the fect are adapted for 
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South or bobolink, as it is called in the North, wakes up the 
meadows with his lively notes. ‘The finches with their 
conical beaks are succeeded, in the ascending series, by the 
English sparrow, a bird useful in the cities in destroying 
canker-worms, but a nuisance in 
the country. Our song-sparrow 
(Melospiza fasciata) is widely 
distributed, and everywhere 
commends itself by its pleasant 
notes. Quite opposed in its 
habits is the butcher-bird or 
shrike (Fig. 479), a quarrelsome, 
rapacions bird, which feeds on 
obi te, Watbling Vireo—From insets or small mammals, often 
impaling them on thorns or sharp 
twigs, and leaving them there. The group of vireos or 
greenlets (Pig. 480) are peculiar to America ; their bills are 
hooked, witha notch at base; they are warblers. The wax- 
wing (Ampelis cedrorum, Fig. 481) is the type of an allied 
family. Tho swallows and 
martins are interesting from 
the change made in the nest- 
ing habits of the more com- 
mon species which rear their 
young in artificial nests or 
in barns, or under the eaves 
of buildings. 
Another group character- 
istic of North America is 
the warblers, Dendraca (D. 
virens, Fig, 482) being the 
representative genus. On 
the other hand, the larks 
are an Old World assemblage Fic, {8.—Coeoting Wasoning —From 


|e birds, but few species — 
_ oceurring in this country, while the wrens (Fig. 483) are 
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Cusss VL—AVES. 


Phathered Vertebrates : pres caraned 0s horny beaks in exiting forme ; 
he forelimbs forming exungs; carmtonded ; heart foerchambered ; 
deinge with acceamery cir eacs the boars dense, heloe ) eriparces; apgt 
wery barge, comered by 4 calvareres hol 
Order 1. Seurare.—Tail a long us the body ; metecarpals not co-cul- 

Ged ; with feathers, ecales, and teeth. (Archmepterys.*) 
Onder 2. Odentervithea —Verwbre biconcare, ot as usaal ; jaws slen- 
der, with veeth implanted in mckets or in groores; mete 
carpals co-cmiSed : sternum Eneled or uskeeled ; wings well 
developed. (Iehthyornis.} 
4 2. Retite —Stersum ssocoth ; wings redimestary. (Strathio.) 
J A. Carinate.—Sternam Leeled ; wings well developed. (Tentas) 


Latoratery Werk —The sudest should prepare skeleton of « hen or 
muy other birt and compare it, amd expecially the skull and Neste, with 
thowr of a reptile and s mamimal In diaecting a pigeon or fowl, at- 
tention should be given to those points previously indicated in which 
Binds diverge from reptiles oa the ous band and mammals ou the other. 


Cuass VIL.—Mawwarth (Mammals). 


‘(General Characters of Mammals.—In the mammals, which 
hegin with the duck-bill, a creature in some respecta re- 
minding ua of the birds, and end with man, we observe, 
#8 compared with birds, an increased complexity of struc- 
ture ; and in the nature of the work done by the different 
Organs, We may sce 4 constant tendency to a development 
‘of parts headward, so that the head becomes large in pro- 

tothe body, the brain increases in size, and the fore- 

i finally become hands, ministering to the intellectual 

Wantsof theanimal Also, as we ascend the series, the body, 
from being horizontal, with limbs adapted for walking on all 
fours, becomes finally in the apes semi-erect, in man wholly 0, 

The greatest step in advance over the reptiles and birds 

© Vogt believes that this iv a binttike reptile; a second, more per 


Aeetly preserved specimen having lately been found at Solenbofen.— 
Biddure, Sept. 4th, 1870, 
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box of the monkey as compared with that of the lemur, and 
‘of apes as compared with monkeys, while in man the brain 
Capacity is twice that of the highest apes. 

The different regions of the vertebral column are better 
defined than in the birds and reptiles ; this is seen in the 
‘Pervical vertebre, the number of which is usually seven. 
he exceptions to this rule are few, there being six in one 
Bloth (Cholapus), eight or nine in another sloth (Bradypus), 

Sand aix inthe American manatee. Bebind the cervical is 
the dorsal region, consisting of from ten to twenty-four, 
Wsually thirteen, vertebre, and the lumbar region, which is 
om posed of from two to nine, usually six or seven, vertebra, 
‘And is marked off by the absence of movable rib The 


Fig. #4 —Shull of the Lice. —Afier Owen, 


ahoulder-girdlo is not solidly united to the dorsal vertebra, 
Dub loosely attached by muscles and tendons. The pelvis 
—£e,, that portion called the ilium—connecta with a single, 
wOmetimes two, rarely thro, vertobra of the ascral region, 
@nd the union of these vertebrn with one or more caudal 
Wertebrw forms an assemblage of consolidated vertebrm, called 
the o# sacrum, which in the sloths, or Edentatos, comprises 
Or nine vertebre, The number of caudal vertebra 
4h the monkeys may amount to thirty, in tho long-tailed 
‘mania (Fig. 601) to forty, while in other mammals there may 
ee number, there being four retained by man 
s 7 apes, while in some bata there are only 
three. 
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the limb from the body becomes more marked as wo ap- 

| proach man. In the seal, only the wrist protrades from 

‘the skin, the limb of the otter slightly more; the horse's 

Teg does not protrude beyond the elbow, that of the monkey 

i two thirds of its length, while in man the limbs 
wholly free from the trank (Wyman). 

) ‘The hairs originate in minute eacs which extend from the 

—oprogpat into the cutis ; from the bottom of this inpushing 

epidermis grows up the shaft of the hair, which is 


vi 


nippie : vertical 
oe tke 
lates, fe the COW, 


‘Burrounded at the base by the cellular wall of the hair-sae 
| forming the root-sheaths. The spines of the porcupine, the 
‘Males of the Manis, of the armadillo, of the tail of the rat, 
‘wre modified huirs, all developing in the same manner. 
“Many mammals, especially the ruminants, as tho door, ox, 
Phinocoros, otc., aro armed with horns. There aro two 
‘Kinds, those with a bony core surrounded with a horny 
‘pidermal case as in the deor ; while in others, as the ante- 
‘Topss, sheep, goats, and oxen, the horns are hollow; hence 
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Tn the elephant the upper canines form the tusks, the cor- 
Fesponding teeth of the lower jaw being absent In many 
tooth, ns those of the deer (Fig. 490), the 
Grown of the molars is quite conver, with 
rescent-shaped enamel areas. The canines 
are large and sabre-shaped in the cat fam- 
ily, while in the pigs, expecially the baby- 
Foussa of Malaysia, the upper pair curve 
and backward to the forehead. 
premolars and molars have two or 
thive roots or fangs ; in none of the lower Ss 
Vortobrates do the teeth have more than £7**** 
‘one root. 
The organs of sense aro much developed, especially the 
war, The quadrate bone of the reptiles and birds, which is 


the tnbyrinth of the ear te 7 the Guh. IT, the bint and I77, 
Iserchtan, CX uiricalus ens! sacculuis; Cr, canalis reuuleas + 
of the cochlea, (7, r. 


Fargo, external, and suspends the lowor jaw to the skull, now 
Vecomes minnte, internal, und forms one of the internal 


bones (maliens) of the ear. The labyrinth of tho car, 
Margest in fishos, is smallest in mammals. The cochlea 
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While the female is fawn-colored : male antelopes are blacker 
than the female. The Banteng bull is almost black, while 
the cow is of « bright dun. Among the lemurs the male of 
Lemur macaco is coal-black, while the female is reddish yel- 
Tow, The sexes of monkeys differ much in coloration. Cor- 
‘tain malo seals, bats, rats, and squirrels have brighter colora 
than in the opposite sex, On the other hand, the female 
Rhesus monkey is adorned with a brilliant red naked’ ring 
around the tail; this is wanting in the male, which, how- 
ever, is larger, with larger canines, more bushy whiskers 
and eyebrows ; and Darwin states that in monkeys tho males 
tistally differ from the females in “the development of the 
beard, whiskers, and mane.” 

The vocal organs of mammals are, in general, constructed 
ou the same type. The larynx is formed by a modification 
of the uppermost ring of the trachea, called the ericoid car- 
tilage, to the anterior and dorsal edges of which two arytenoid 
tartiluges arc attached, while u V-shaped thyroid cartilage, 
Open behind, is attached to its side. Tho vocal cords, which 
wre modified folds of the mucous membrane lining the 
trachea, are stretched between the srytenoid and thyroid 
tartilages, the slit between them being called the glottis, 
Which is covered by the epiglottis, Thus, in mammals the 

of voice ure situated almost solely at the upper end 
‘of the trachou. In the whales the vocal chords are not de- 
Yeloped. The male gorilla, which has an exceedingly loud 
‘Voice, as well as the adult male orang and the gibbon, is 
provided with a laryngeal sw. In the howling monkey 
(Afijeetes) of Brazil, the hyoid apparatus and larynx are re- 
markably modified, the body of the former being changed 
into @ large bony drum or air-sac communicating with the 
larynx. The yoeal organs are a third larger in the males 
thin im the females. “‘ The males begin the dreadful con- 
tort, in which the females, with their less powerful voices, 
Womotimes join, and which is often continued during many 
hiotirs ’ (Darwin). They apparently howl, ss birds sing, 
for the simple pleasure of the thing. Apparently, the most 
musical mammal, man excepted, is a gibbon (Hylodates 
agitis), which can sing “a complete und correct octave of 
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formu, combining in a remarkable degree characters more 
Plaborated, and in great detail, in different orders of living 
Mammals, especially the Ungulates. For example, from the 
 Boeene Coryphodon, « genoralized ungulate animal, have 
| probably been derived the ruminants, the tapirs, hog, hip- 
eee tke forms, the rhinoceros, and, finally, the 
This inference is based on the fact that the bones 
teeth of Coryphodon present characters which are no 
Tongor combined in any one species of mammals, but which 
found worked out in detail in the mombors of the differ- 

@nt orders referred to. 
Moreover, the early Tertiary mammals had brains much 
Wmallor than in any existing forms, and with only one ex- 
in, without convolutions—showing that the develop- 
P of the size of the brain and its convolutions, and con- 
“‘Mequently of the intellect, has kept pace with the succeasive 
i in the specialization shown in existing forms, and 
‘gree with the increasing complexity of the Ameri- 
" oan Continent and the subdivision of the western part of 
) the continent into distinct basins, with ecparate mountain 
| wyttoms and river-valleys, The result of all this apparent 
waste of generalized forms, and the survival of the fow 
| favored typos now oxisting, has been the preservation of 
) Atiimals which have been domesticated by man, such as the 
‘dog, pig, horse, ox, camel, eleph: of others useful as 
‘food or as intolligont servants m ring to his every-day 


‘The carliest mammals were small insectivorous or gnaw- 
Gg marsupials, nono larger than a cat, and first appearing 
fa Jurassic strata, 

‘The Mammalia are divided into three sub-classes—viz., the 
“Ornithedelphia (duckbill and Echidna), the Didelphia or 
“Marmpials, and the Monodelphia, comprising all the higher 
mammals, 


Subclass 1, Ornithodelphia,—Tho duckbill and spiny ant- 
ator (Fig. 493, Echidna hystriz) are the only representatives 
Of the sub-class, of which there is but a single order, called 
Monotremes, and ave distinguished by the following char- 
“aeter, "The oviducts, vasa deferentia and ureters, open into 
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Dirds and reptiles, and besides those mentioned one of the 

Most obvious is the long, toothless jaws (there are cight 

Thorny teeth in the dackbill), which are long and narrow in 

the Behidne, or broad and flat in the duckbill (Ornithor- 

‘ paradorus Blumenbach), where it is covered by a 
integument ; the external car is wanting. 


Wig. Ch. —Sketeton of Bohidng Apetriz.—Yroms Iechmn'y Thierieben, 


Tn the aquatic duckbill the fect aro webbed, with claws 
Of moderate size. It is covered with a soft fur, and is about 
Half  motro (17-22 inches) long. Its ra 

are like those of a muskrat, fre- 
rivers and pools in Australia 


water up above its level into 
Danks, and with an outlet on shore. 
mollusks, worms, and 
Young duckbills, five 
» have been found in their 


if 
8 


ipeat 
i 


i 
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® spiny ant-eater (Figs. 493 and 
represented by three species, 
Behidna hyatriz Cnyier, of Aus- 
E. Lawesii Ramsay, from Port 
ote aad pan also by a ro- 
ered form inhabiting the Oe halt of 
portions of Northern New eit ofthe Ranoarr 
and called by Gervais Acanthoglossus Bruijnii, In 
Singular animals the bill is long and slender, tooth- 


oy 


tig 
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they are attached to the nipples at the bottom of the pouch, 
This large pouch (absent in some opossams and in the 
Dasyuride) is supported by two long slender bones attached 
to the front edge of the pelvis and projecting forward (Fig. 
495 m and Fig. 496). 

In Thylacinus, the Tasmanian wolf, these bones are car- 
tilaginous. In the opossum, the kangaroo, and probably 
most marsupials, the young remains in the pouch attached 
to the nipple, which fills the mouth. “ To this it remains at- 
tached fora considerable period, the milk being forced down 
its throat by the contraction of the cremaster muscle. The 
dangor of suffocation is avoided by the elongated and coni- 
eal form of the upper extremity of the larynx, which is em- 
braced by the soft palate, as in the Cetacea, and thus respi- 
ration goes on freely, 
while the milk passes, 
on each side of the 
laryngeal cone, into 
the msophagus” 

(Huxley). In the car- 

nivorons forms the 

brain is low in strnc- 

ture, the olfactory 

Tobos being vory large, 

completely exposed, 

while the cerebral grin "ns minsiel in front of the lane 6 
hemispheres are small {S0ive torih. | & premolars | wm, I-4y 
and quite emooth. 

‘The dentition of marsupials is characteristic, none having 
three incisor teeth upon each sido, above and below, and 
none but the wombat (Phascolomys), with an equal num- 
bor of incisors in each jaw, there being usually more in the 
upper than in the under ja 

‘The lowest marsupial is the Tasmanian wolf (Thylacinus), 
which is rather smaller than the wolf. The Tasmanian devil 
(Dasyurus ursinus Geoffroy, Fig. 497) isa vicious, trouble- 
fome creature, about tho size of a badger, ‘The opossams 
inhabit North and South America. They have a long tail 
and a plantigrade stop—i.c., they walk on the sole of the 
whole foot, The Virginian opossum (Ninelphys Vir- 
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themselves, Their food is roots, poultry, or wild fruits. 
‘They have no hair on their tails, but a sort of a scale or 
hard crust, as the beavers have. If a cat has nine lives, 
this creature surely has nineteen ; for if you break every 
bone in their skin and mash their skull, leaving them for 
dead, you may come an hour after and they will be gone 
quite away, or perhaps you may meet them creeping away.”’ 
(“Perfect Description of Virginia,’” 1649.) 

There are squirrel-like flying marsupials (Petanrus), 
marsupial rats, marsupial bears, and marsupial ant-eaters 
(Alyrmecobius), but the most characteristic Australian ani- 
mals coe. different kinds of kangaroo (Macropus thetidis, 

he largest species, M. gigantous Shaw, ig 1-8 metres, or 
nearly six fect long. Kangaroos go in herds, and move by 
@ mocession of long leaps. 

All marsupials aro stupid, low in intelligence, and, in the 
Tnscctivorous and carnivorous forms, of vicious temper. 
With the exception of the opossums, all are confined to Aus- 
tralia, Now Zealand, and New Guinea. 

Sub-class 3. Monodelphia,—Whilo in the marsupials the 
termination of the oviduct is double, in the present group 
it is always single, whence the name Monodelphia. The 
mombors of the group are also called placental Mammalia, 
becanse the young at birth are of considerable sizo and 
nearly perfect in development, being nourished until born 
by & highly vascular mass or thick membrane ( placenta) 
supplied with arteries and veins, developed originally from 
the allantois, which is a temporary embryonic membrane. 
The brain, as a role, presents wn advance over that of any 
of the preceding mammals, the corpus callosum being better 
developed, while the anterior commissures are all reduced. 
‘There are no marsupial bones, though in some Carnivora 
vertain small cartilages appear to represent them. 

‘There aro twelve orders, as follows : 

Order 1. Bruta or Edentata.—Those creatures, repre- 
sented by the sloths, ant-caters, pangolins, and armadillos, 
stand next aboye the non-placentals or marsupials, as the 
brain is but little better developed, the hemispheres in some 
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tected, us in the pangolins (Fig. 501) and. armadillos (Fig. 
502), with large thick scales. They feed on insects and de- 
eayod animal matter, or on leaves. They are of moderate 
size, though certain extinct forms were colossal in stature, 
The leaf-oating forms, viz., the sloths, differ from the 
other Bruta in the very long and slender limbs, the hinder 
pairtheshorter. There are five teeth above and four below, 
which become sharp with use, like chisels ; the stomach is 
said to be remarkably complex. In disposition these crea- 
tures are types of sluggishness ; they live in trees, being 
‘absolutely helpless on the ground, not being capable of 
walking on the bottom of the foot. 
Watorton says that, in climbing, the 
ni (Bradypus tridactylus, Figs. 499 and 
500) uses its legs alternately ; that its 
hair “is thick and coarse at tho ex- 
‘tromity and gradually tapers to the 
root, where it becomes fine as # spider's 
web. His fur has so mach tho hue of 
the moss which grows on the branches 
the trees, that it is vory difficult to 
him out when ho is at reat.’’ 
None of tho Edentates now occur in 
the United States, but formerly colos- 
gal, aloth-like forms, with some resem- ‘ 
“Diance to the ant-eaters, ranged over | Mm 1 — Al, or Three 
Bs Fepotiict aac Mido Staton oa fax SERS "Weeks oe 
north as Pennsylvania, their bones oc- “*"™ 
curring in caves. Such was the Megatherinm, a gigantic, 
sloth-like creature, which extended from Pennsylvania to 
the pampas of South America, and whose skeleton is over 
five motres (18 feet) long. With it was associated tho Mey- 
alonyz, first described by Thomas Jefferson ; it was ns large 
as n bison, as was the Mylodon. ‘These animals walked on 
the soles of the feet, could rise on their hind legs and partly 
thomselves by their thick tails, pulling down large 
trees and feeding upon the leaves and smaller branches. 
Tn the ant-eaters the jaws arc toothless, but very long, and 
the tongue is of great length and yery extensile ; the sub- 
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by 4 heavy, solid coat-of-mail consisting of polygonal plates 
soldered together immovably. 

The three following orders have by most authors been 
placed near the Primates (monkeys, ete.), but Owen, from 


‘the charactors afforded by the brain, has shown that they be- 

at or near the bottom of the scale. Gill has shown 
that not only by the brain, but by other characters corre- 
‘with the low development of the brain, the Rodents, 
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condyles of the lower jaw are longitudinal, not received in spe- 
cial glenoid sockets, but gliding freely backwards and forwards 
in longitudinal furrows. The feet are adapted for walking 
and climbing or burrowing, the claws being well developed. 
A peculiarity in the incisors is that they grow out ax fast as 
they are worn down ; this is dne to the fact that the pulp is 
persistent ; the enamel in front causes them to wear away 


Fig, 001. —Amorican Flying Squirrel (Selwrepterwy Folens), 


behind so that they are chisel-shaped. The species are pro- 
lific, live mostly on vegetable food, and are of small size; 
the muskrat, beaver, and capybura being the largest moem- 
bors of the group. The flying squirrela (Fig. 508) take 
short flights by means of the expansion of the akin between 
the fore and hind legs. The Norway lemmings are notice- 
able fur their remarkable migrations from the clevated 
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Order 3, 


Insectivora—In the moles the incisors, the 


canines, and molars are well developed, and the molara have 
the crown surmounted by conical projections called ensps, 
The fore feet are plantigrade, with meen claws, and the en- 


tiro limb is short, thick, mus- 
cular, and fossorial,i.¢., adapted 
for burrowing in the soil (Fig. 
508). The shrews comprise 
the smallest mammals. Nearly 
all are nocturnal, burrowing 
under the surface, and never 
seen by day; consequently, 
their eyes are small, and most- 
ly hid under the fur; while the 
vars are small and concealed by 
the bair. 

The shrews are mouso-like, 


having foet of the normal form, 


Tn our com- 


and o long nose. 


Fig. S08—Dones of fore 
Mole. 98, the cubital 
bumeras; 54 ulna; 55, 


ter Owen. 


mon shrew (Sorex platyrhinus Wagner, Fig. 509), the nose 
4s long, and the tail shorter than the head and body. 

The genuine moles are the characteristic forms of the 
order; the most peculiar being the star-nosed mole, Condy- 


Pig. M0,—Common Shrow.—After Cover, 


Tura cristata Linn., which ocours from the Atlantic to the 
Pacific Ocean, while the common mole (Fig 610) is abundant 


‘in the Eastern United States. 


A flying form with a superficia! resemblamee to the bat, and 
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Bats live in caves and in the hollow of trees by day; all 
hibernate in the same situations, going into winter quartors 
in the antumn, and reappearing in the warm twilight of 
spring. Though the eyes are small, and the sight, so far as 


Pig. Sit, —Skeloton of a fruit bat (Jteropente).—Aftet Owen, 


we know, deficient in keenne they show wonderful skill 
in avoiding objects during their rapid fight. Tho ears are 
very large, and in the vampires the nose is adorned with 














THE SPERM WHALE. 593 


The cachelot or sperm-whalo (Fig. 515) has an enormous 
head, and is without the power of amell. Above the nusal, 
frontal, and maxillary bones are cavities filled with a fatty 
fluid called spermaceti, used in the manufacture of candles, 
ointments, and cosmetics, such as cold croam. A large sperm- 


SeedNe Si becHiged sod teoae of whale, atema (ihe latter (1) draw. wach, to 
Whale will yield 2500 kilograms of this substance. Another 
Yaluable substance is ambergris, a morbid product, the result 
of injury to the intestine by the beaks of cuttle-fishes, upon 
Which animals the toothed whales largoly prey. It is a kind 
Of bexzoar or gall-stone, fatty, aromatic, burning with a clear 
flame. Tt is composed of bonzoic acid, united with chlorine, 
Of a balsamic substance, and ambrain. It is used in making 


‘perfumes. 


—Ow! ot, showing how the binbber ie romoved; 4, the 
maf We teon", che junk’: dy the Bunch of the neck t A. the bump: 1 the 


"i ¢ the junk’: af, 
thaeall vf ibe ‘ait'or fuktes between tho oblique Golted len are’ dre 
of plocen-Aner Baul, from Gill 


But the chief nse of whales is the oil extracted from the 
fat enveloping the body, called blubber by whalers ‘The 
fidst valuable of the° whales is tho Greenland whale, as it 
Contains the moat oil, individuals having been known to 
Field noarly three hundred barrels. 
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metros long, the female haying no visible teeth ; there being 
two rudimentary incisors which neyer appear through the 
gum. It ranges from Hudson's Straits to the Arctic seas, 
having formerly been seen along the coast of Labrador. ‘To 
the family of dolphins and porpoises belong the white whale 
or Delphinapterus leucas Pallas, which ranges from the Gulf 
of St, Lawrence northward; the grampus (Grampus griseus 
Cuvier); the blackfish, of which there are two species, one 
Globicephalus melas Trail, ranging north of New York, and 
one G. brachypterus Cope, to the southward, and the por- 
poises, of which the most common on our coast is Phoc@na 
brachycium Cope ; tho rarer is P. fineata Cope. On the 
eoust of Labrador, ax well as northward, occurs the thrasher 
whale or killer (Orca gladiator Gray) which has large 
teeth, and a high dorsal fin ; it attacks whales, gouging out 
the flesh from their sides, Certain fossil whales were pigmies 
im wizo; while the Zeuglodon of the Alabama Eocene ‘Ter- 
tiary beds, waa an enormous serpent-like whale, which must 
have measured over seventy fect in length. 

Order 6. Sirenia.— In the few species of sea-cows ropresent- 
ing this order, the lower jaw is more as in other mammals, 
having well developed ascending rami and normal transverse 
‘Pondyles and coronoid processes, The teeth are well developed, 

oth incisors and molars, the latter with flattened or ridged 

mis, adapted for tho trituration of vegetable food. A 

“ig indicated; the two nostrils aro situated at the 

of the snout, and the lips are beset with stiff 

bristles, while the mammu are pectoral. The fore limbs are 
of moderate length, with five well-doveloped digits, but still 
fin-like and bent at the elbow. The brain is narrow com- 
purod with that of cetaceans, and the heart is deoply fissured 
between the ventricles. Tho manatees of America and the 
@ugong of Australia and India (Fig. 618) live in the mouths of 
large rivors, feoding on seaweeds, uquatic plants, or the grass 
along the shore. The Florida manatee (Manatus Ameri- 
canus Desmarest) grows toa length of from two to nearly 
threo metres. Tt ranges from Florida to the Amazons, where 
itis called Vacca marina ; it ascends tho river as far ax Pobas, 
Poru, and is killed and eaten, its flesh resembling beef, 
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Poriod a fossil Sirenian (Halitherivm) inhabited the shores 
of western Europe. 

Tn the structure of tho skull, their dentition and their hor- 
Ddivorons habits the Sirenians in « degreo connect the Ceta- 
eeans with the Ungulates. 

Order 7. Protoscidia.—Only two reprosentatives of this 
group aro now in existence, the Asiatic and African elephant, 

number of othor forms having become extinct. The group 
is well circumscribed, when we consider the living specios, 
but in the early (Eocene) Tertiary Period there existed forms 
which indicate that the Proboscidians and Ungulates had a 


per incisors are enor 
mously developed, 
there are none 


clephant ¢ 22, premax- 
ane ae 

eh ; t, lower Jaw i ¢, 3 . 
maxilla 11, fromtal; g, 


skull is its largo size, the brain cavity 

very small in proportion to the bulk of the skull itself, 

To 7 Sheed to what would be otherwise an insupportablo 
Weight, the crinial bones contain numerous largo air-cells 
(Fig. 520). Another remarkable foature,from which the group 
takes its name, is the trank or proboscis, « long, thick, fleshy, 
exible snout, growing from the front edge of the nasal 
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great size, some being five metres long. It formerly ranged 
in herds over northern Europe and Asia, us well as America, 
bones occurring under swamps in the Northern and Middle 
United States, A carcass frozen in the ice, with the hair 
still on, was discovered near the mouth of the Lena River in 
Siberia. A pigmy, extinct Maltese elephant of the late ‘Ter- 
tiary Period was only 1.7 metres in height. 

The Mastodon was characterized by having incisors in both 
jaws of some of the species. The mastodon had molars with 


Fig. f1.—Dinothertum. ~Prom a restoration ty Brandt. 


conical cusps, and was 39-4 motres (12-13 feet) in height. 
The mastodon (Mastodon giganteum Cuvier) was an earlier 
type than the elephant, and formerly inhabited the North 
American continent. 

In the Dinotherium of the Middlo Tertiary (Fig. 521) thero 
‘wore only two incisors, and they grow out from the under 
jaw. It was clephantine in its form, according to Brandt, 

Order 8. Hyracoidea.—With some affinities to the Ro- 
dentia, and w decided resemblance in somo particulars ta 
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type ia the horse, with its single toe on each limb. A large 
number of extinct Tertiary Ungulates in the Western States 
and Territories, and the Tertiary basins of Paris and Lon- 
don, moro or less allied to the tapir, especially Coryphodon, 
Anoplotherinm, Palaotherium, ote., were generalized or 
“ancestral forms, from which the modern, more specialized 
' have probably been evolved, and a study of these fossil 
| Ungulates shows that there was then (i. ¢., in Eovene times) 
an essential unity of organization in al] Ungniates, including 
the Ruminants ; the breaking up of the Ungulate stem into 
- special groups, along favored lines or paths of development, 
having resulted in a gradual improvement and elabora- 
tion of particular parts, which rendered them more fitted 
- for their present life, and more intelligent in meeting and 
overcoming the emergencies their more complex surround- 
ngs subjected them to. Thus in the Eocene Ungulates, 
a5 Coryphodon, the cerebrum was small, without convo- 
Tutions, indicating a slight degree of intelligence compared 
with the modern Ungulates, while the gradual differentiation 
of tho horse, with its single toe and hoof, from its tapir-like 
ancestors, is a marked example of the intelligent, beneficent 
selection of favored, useful types which has gone on from the 
earliest geological times. 
All this specialization of typo involved the destruction of 
“great nambers of forma unfitted to withstand changes in 
_ their surroundings, or not sufficiently intelligent or wary to 
| avoid tho attacks of carnivorons forms, and thus the present 
number of Ungulates is much exceeded by the fossil forms, 
Porissodactyles. Tho odd-toed Ungulates, on the whole, 
stand lower than the even-tood forms. They all have at 
Toast twonty-two dorsal and lumbar vertebre, and a simple 
| stomach, with a large, sacoulated cwcum. The tapire are 
the more elemental, generalized forms. Fossil tapirs occur 
in the older Tertiary beds of the West. The snout is 
almost proboscis-like, and the logs are moderately long, with 
four toes in front, three tovs behind. The tapirs inhabit the 
"tropics of the Now World and Sumatra. They are succeeded 
the rhinoceros, represented in this country by a number 
extinct Tertiary allies, the living species being restricted 
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The horse (Eyuus cabalins Linn.) is the most useful of all 
domestic animals, and next to ships prime means of the 
diffusion of civilization. By artificial selection a great num- 
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her of varicties, races, and strains huve been produced, 
adapted for the performance of different kinds of work. ‘The 
horse Only exists in a domesticated state. Sanson states that 
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mule are infertile hybrids of the horse and ass (Lyuus 
sinus Linn.). 

Artiodactyles.—The even-toed Ungulates comprise the 
peocary, pig, hippopotamus, and the Ruminants represented 
by the deer, sheep, ox, and camel. The pig and peccary are the 
descendants of a number of extinct earlier forms which flour- 
ished in the Tertiary Period; the pig, as Marsh observes, 
haying held its own with characteristic pertinacity. The 
Hippopotamus (Pig, $22) has a large head, with large canines, 
clumsy body, and short, three-toed legs. Hippopotamus 
amphibius Linn., ranges from the Upper Nile to the Cape of 
Good Hope, and westward to Senegambia. It is nearly 
3} metres (11 feet) in length. 

Ruminantia.—The remaining Artiodactyles are called 
Ruminants, from the fact that they chew their end. The 
molars are provided with two double crescent-shaped folds 
(compare Fig. 490). Tho stomach (Fig. 523) is divided into 
at least three, usually four compartments, i.¢., the paunch, 
the reticulum or honeycomb, so named from the polygonal 
cells on its intorior, the psalterium or manyplies, and lastly 
the rennet or true stomach. When a sheep, cow, or any 
other Ruminant feeds, it thrusts out its long tongue, seizes 
a bunch of grass, and bites it off by pressing the incisors 

of the lower jaw aguinst the toothless gum of the opposing 
of the upper ; the mouthful of grass ix then awal- 
mixed with much saliva. When its appetite is satis- 
fied it seeks a retired spot away from its carnivorous ene- 
mica, if not s domesticated animal, and after lying down, 
snidenly regurgitates a ball of grass, the cud,* which it slow- 
ly grinds up between its molar tecth into a pulp. The 
cropped grass passes into the honeycomb and paunch ; the 
munyplies serves as a strainer for the pulp, which in the 
fourth stomuch is digested by the gustrie juice. 
Among 4 number of fossil forms leading up to the exist- 


* The rogurgitation of the cud is probably duo to a sudden and ali. 
‘altaneous contraction of the diaphragm and of the abdominal muscles, 
which compresses the contents of the ramen and reticulum, and 
drives the sedden fodder against the cardiac aperture of the stomach, 
which opens and the cud is propelled into the mouth. (Huxley. 
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‘States by the common Virginian deer (Cariacus Virginianux 
Gray, Fig. 526), the elk or wapiti (Cervus Canadensis Erxle- 
ben, Fig. 527), and the caribou (Rangifer caribou Audubon 
and Bachman), which ix probably a variety of the European 
reindeer (#. ‘arandus Sundevall). In those beautiful, grace- 
fal forms the solid antlers are cast off annually ; with the 
exception of tho reindeer the fomales or does have no antlers, 

The prong-horn antelope (Antilocapra Americana Ord, 


Vig, O88 —Hend of young Prong-borm Antelope, After Maye 


Fig. 528) so characteristic of the western plains, also drops 
its horns in the autumm, though they ure hollow (Fig. 529) 
and with a persistent core as in the ox and goat. It crops 
grasa, not, like the deer, eating leaves of trees and shrubs ; 
“in flootness it excels all other qundrupeds of our conti- 
nent,” though it is short winded, and does not run a great 
distance (Caton). Tn its hollow horns, and the presence of a 
gall bladder, which ix absent in the Cervide, the prong-horn 
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others a8 a musk sheep (Ovidox prisons Ratimoyer). Tf this 
is the caso the musk sheep, or a species closely allied to it, 
formerly extended to the Middle States at or near the close 
of tho glacial period. 

We now come to the bison and ox. ‘The American bison 





Pig. 630.—Reeky Mountain Sheep or Big-Horn —From Brehm's Thierlehen. 


(Bison Americanus Gmelin) formerly ranged from Virginia 
and Lake Champlain to Florida, and westward from the 
northern limit of troos to the Rocky Mountains and astern 
Mexico. It is now in danger of extermination, being mainly 
restricted to uw fow lierds on the plaing, It ia closely 
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moe parks, also certain large domestic races, such as the 
Holstein and Friesland breeds. From another fossil species 
(Bos longifrons Owen) arose the so-called brown cattle of 
Switzerland, and the “rants” of the Scottish Highlands, 
Still other domestic races are traced back to another fossil 
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quaternary species, Bor frontosus Nilsson, Our present 
races of domestic cattle, however, do not represent a genuine 
species, but a number of races which have descended from 
sevoral fossil species ; the name Bos taurus (Fig. 532) in 
simply, then, # conventional name (Carus’ Zoologio), ‘The 
bison is known to breed with cattle in the Western States, 
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‘being connected ; the wrist and foot only projecting beyond 
the skin of the body, and there aro no external ears, or only 
small ones. 

‘Tho walrns (Fig. 534), the seals, and the eared seals or 
sea-lions (Otariida) 
are the types of the 
aquatic —Carnivores ; 
‘the pea-lions can walk 
on all fours, and in 
cortain peculiarities of 
the skull they resem- 
ble the bears. 

Of the terrestrial, 
normal Carnivora, the 

raccoon, coati, Cerco- 
leptes, and bear, to- 
gether with a number 
of extinct forms, are 
the more generalized 
or lower types. They 
are plantigrade, and 
while standing at the 
base of the carnivorous 
serics, have some foa- 
tures suggesting and 
anticipating those of 
the lemurs, and mon- 
keys. The raccoon, 
Proeyon lotor (Linn.), 
wbounds throughout 
the United States. Al- 
lied to it is the coati 
(Nasa) of Central 
America, a creature 
bout the size of, and 
with the general hab- © 
its of the raccoon, being an exceedingly knowing and mis- 
chievous animal. A number of extinct Eocene mammals 
are also alliod to s small plantigrade, long- tailed carnivore, 
Corcoleptes, which resembles the Primates in its two cutting 
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more blackish and reddish, till in Florida black wolves pre- 
and in Texas red ones.” (Jordan's Manual of 
| Vertebrates.) The prairie wolf or coyoté (Canis latrans 
i Bay), is characteristic of the Western plains and Pacific coast. 
i ‘The Indian dogs breed with the coyoté, and the offspring is 
fertile. (Coues.) This fact appears to support the theory 
if ‘that the domestic dog (with its conventional name Canis 
liars Linn.) is a descendant of the wolf. On the other 
, Fitzinger in his ‘‘ Researches on the Origin of the 
Dog,” states that fourteen kinds of dogs can be distinguished 
in the Roman and Greek records ; of these he considers fire 
to be principal types or species, five others cli: 
a remainder being either breeds artificially produced or 
7 ds. As regards the Egyptian dogs, seven kinds may be 
tinguished, besides the jackall, three of them being dis- 
‘Hinct species. He believes that wolves, jackalls, foxes, ete., 
are species quite distinct from the domestic dog; they 
may have interbred with the latter, and thus influenced cer- 
tain breeds ; but they are not the parents of the domestic 
dog. He concludes that there are seven species among our 
dogs :—C. domesticus, extrarius or spaniel and Newfound- 
lund dogs, vertagus or badger dog, sagaz or hound, molossus 
or bulldog, /aporarius or greyhound, and the naked dog, 
©. caribeus. Among half-wild dogs is the dingo or hunt- 
ing-dog of Australin, which goes in packs. 

The Viverra and Genetta or civet cats, and the hyenas 
ead to the cat family, which stands at the head of the Car- 
nivora, The panther, leopard, tiger, and lion belong to the 
genvs Felis. The Felix concolor Linn., cougur or puma, 
Fanges over both continents; it is 1-1-3 metres in length. 
The domestic cat, Felis domestica Linn., waa first domes- 
tieated in Egypt, the Greeks and Romans not possessing 
it; the cat and common marten were in uso as domesticated 
mnimals side by side; and at the same time in Italy, nine 
hundred years before the crusades. It appears that the do- 
mestic ent of the ancients was Mustela foina (Rolloston). 

Of the lynxes there are two species in North America, 
Lynx rufus Rafinesqne, the American wildcat, and the 
Canada lynx, Lyne Canadensis Ratinesque, the latter being 
much the larger species, 
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eries have led to the hypothesis, that from still older, more 
generalized types, four lines of development, respectively 
‘ing in the typical Carnivores, Cetaceans, lemurs, and 
monkeys, have taken their origin. That the lemurs, though 
mow restricted to Madagascar, eastern Asia, and South 
Africa, were preceded by still more generalized types on the 
American Continent, is indicated by the discovery of fossil 
bones in the Eocene beds of the Rocky Mountains, referred 
‘by Marsh and Cope to the Primates; Marsh stating that 
the principal parts of the skeleton are ‘‘much as in some of 
the lemurs.” 

Allied to the trae lemars is a very puzzling creature, the 
ayo-nyo or Chiromys, of Madagascar, whose dentition diffors 
from that of all other Primates, and resembles that of the 
Rodents ; the thamb also is not traly opposable, and all the 
hind digits, except the great toes, have claw-like nails. The 
Gaiago, of West Africa, somewhat recalls the Jnsectivora, 
while “in the more active and flexible-bodied Lemurida, 
‘the trunk-vertebre resemble in proportions, connections, and 
direction of noural spines those of the agile Carnivora,” 
(Owen.) 

‘The genuine Primates or suborder Anthropoidea are, in 
brief, characterized by the large, convoluted cerebral hemi- 
spheres which nearly, or in the higher apes and man, conceal 
the cerebrum when seen from above.* ‘The cars are rounded, 
with a distinct lobule, and the two mamma are pectoral, 
These Anthropoidea are divided into two subdivisions, the 
first comprising the monkeys and apes, and the second, man, 
Tn the first group (Sima), the body is prone, the animal 
walking on all-fours, only the orang and gorilla walking 
partly erect ; the grout toe is rather short, thumb-like, and 
oppomuble to the fingers, while the body is very hairy, The 
monkeys of the New World have a wide septum to the nose, 
‘and are hence called Platyrhine ; they alao have long tails, 

‘The little, squirrel-like, gregarious marmosets are the small- 
oat of the monkeys and nearest allied to the lemurs They 
walk on all-fours, the anterior extremities being like the 


* tp the low Hapale and Cen, Lowever, the cerebrum projects 
backward as far or eves farther than to man (Gill), 
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The apes live in trees, only occasionally walking on the 
ae ; their posture is semi-erect ; they are tailless, the 
logs are much longer than the hind legs, and used as 
arms, the radius being ca- 
pable of complete prona- 
tion and supination. In 
the form of the skull, of 
‘the brain with its convolu- 
tions, and in the teeth, 
thore is a still nearer ap- 
prouch to man. 
‘There are three typical 
forms or genera of apes, 
#4, the gibbon (Hylobutes, 
Fig. 536); the orang (Jfi- 
metes pitheous) and chim- 
Panwee (IM. niger, Fig. 
537), and the gorilla. ‘The 
gibbons are nearest to the 
monkeys; they are little 
Teas than a metre (3 fect) 
fn height, and arm very 
Wender, with very long 
armas, #0 that they are rapid, 
— climbers, also run- 
ing over the ground with 
ease and ripidity ; when 
standing erect the fingers 
touch the ground; only 
the thumbs and great toos 
have true nails, in all the 
Higher apes the nails of all 
the digits being flattened ; 
the spinal column ix nearly 
wtraight; they have four- 4 
teen pairs of ribs and , Mg. 291—Sreleton of Slamang Ape, gf 
tighteen doreo-lumbar ver- “2 
tebre, there being in the other apes usually seventeen, as in 
man. The siamang lives in the forest of Sumatra; others 
inhabit Java, Borneo, Cambogia, ete. 
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Spheres, which aro also much larger compared with the core- 
bellum, and completely cover the latter; the entire brain 
at least double the size proportionately of that of the 
Borilla ;* it is also stated that two muscles exist in man 
Which have not yet been found in any ape, the extensor primi 
Taternodii pollicis and the peroneus tertius, belonging to the 
thumb and foot respectively (Huxley). There are also points 
in the origin of certain muscles which are peculiar to man, but 
adds that all the apparently distinctive peculiaritios 
‘Of the muscles of the apes are to be met with, occasionally, 
8 Yaricties in man. On the other hand, the relative differ- 
ences of the skulls of the gorilla and man are, as Huxley 
#tates, “‘immoense.” In man the cranial box overhangs the 
orbits; in the gorilla the forchead is hollowed out. The 
hinder portion of the brain is also much more developed in 
‘man than in the apes, and in the hinder part of the hemi- 
Spheres the convolutions are more numerous than in the 
chimpanzee, this part in monkeys losing its convolutions 
altogether (Wyman). Man stands erect; his arms span a 
istance equal to his height; the spinal column has four 
@urves; the skin of the hands and feet of man is highly 
Ponuitive, compared with that of the apes. Finally, as Cuvier 
stated, the grand distinctive zoological character separating 
‘man from the other animals is the possession of the power of 
speech, - ; . 
Sometimes in man the coccyx has one or two more joints 
than the normal number, but the apes have no tail; though 
the human embyro, like other young animals, has a tail, 
* © It must not be overlooked, however, that there is a very striking 
Gifference tn absolute mas and weight between the lowest human 
‘rain and that of the highest apo—a difference which i# all the more 
Femarkable when we recollect that a full-grown gorilla is probably 
‘Prvtty nearly twice as heavy as a Bosjes man, or as many an European 
woman, Tt may be doubied whothor a healthy human brain ever 
‘welghod leon than thirty-one or two ounces, or that the heaviest gorilla 
Drain han exceoded twenty ounces.” In another place Huxley states 
‘that “an average European child of four year's old has a brain twioe 
Sneed that of an adult gorilla."— Man's Placa in Nature, 
4 De Chapeine bas found in the arm of a gorilla n distinct extensor 
moasele, but no trace of the pure srt 
primi internodié pollicis Pelee Sezor longus srotti 
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said to be orthognathous. Those skulls which are high and 
marrow, i.¢., with the longer diameter to the shorter, as L00 
to 65, aro said to be dolichocephalic, while those with the 
diameters ns 100 to 85 are called brachycephalic, but these dis- 
tinctions have been found to be quite arbitrary. 

‘Tho classification of the human races is in as an unsatis- 
factory state as that of the domestic animals. Naturalists 
aré now agreed that there is but one species of man. Blu- 
Mmoenbach, from the shape of the skull and the color of the 
#kin, divided mankind into three varieties, the white or Cau- 
asian, the brown or Mongolian, and the black or Ethiopian, 
eonsidering the American variety as connecting the Caucasian 
and Mongolian, and the Malayan as intermediate between 
the Caucasian and Ethiopian. Hamilton Smith divided 
man into three varieties, Caucasian, Mongolian, and Tropi- 
tal; Tatham, also, into three, Japetidw, Mongolidw, and 
Atlantide ; and Pickering into white, brown, and_ black 
Yarietios, with intermediate races, Huxley divides the dif- 
ferent races into two primary groups, the Ulotrichi, with 
Crikp or woolly hair, and the Leiotrichi with smooth hair. 

The average height of Englishmen is 5-8-5'10 feet ; in 
the universities more. In America, the average height of 
medical and military men is 5-9} fect. The Patagonian mon 
fire nearly six feet high on an average; the women 56-10 feet; 
the Bushman and Esquimaux 4-7, the latter being the small- 
@st people on the carth. The smallest dwarfs in Europe 
were 33 and 28 inches in height respectively; while Put- 
rick Cotter, the Trish giant, was § foot 7 inches tall. 

Tt is claimed by some naturalists that man has descended 
from some generalized type of animal which guve riso to 
several vories of forms culminating in the monkeys, apos, 
and man respectively, and by others that he is a direct 
descendant of forms like the chimpanzee or gorilla; but 
it is probable that from the want of sufficient data, 
the question as to the origin of man can never be def- 
inilely sottled. Setting hypothesis aside, in ascending 
the mammalian series, we have seon in the forms lead- 
fing from the extinct Eocene generalized types of Ed- 
weabilia to the Carnivora and Primates, » tendency to 
gn extreme specialization of those parts ministering to the 
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Srbelas I, Ditelpha—Order Mareupialia—Mmasmala with » mar 
suplum and bones supporting it, (Macropua, Didelphys,) 
Subelas 11, Monodephia.—Placental marimals, 
Super-order I. Ineducabilia,—Brain with a relatively small, 
smooth cervbrum. 


Order 1. Bruta.—Tncisors absent; sometimes toothleas 
(Bradypua) 


Order 2. Gtires—Rodents, incisors large. (Seiurus.) 


Order 3. Insecticora.—Fore limbs often peeullarly adapted 
for burrowing ; molars with conical cusps. (Scalops.) 


Order 4. Chireptera.—Fore limbs adapted for flight. (Vex 
portitio) 


Super-order I, Haweabilia.—Brain with a relatively large, con- 
voluted cerebrum. 


Order 5. Cete—Cetaconns; fish-like in form, no hind 
Umbs. (Balenn.) 


Order 6, Sirenia,—Fish-like in form, but with ascending 
rami to the lower jaw; teeth ruminant-like. (Mana- 
tus) 


Order 7. Proboseides.—Snout prolonged into « proboscis, 
(Btephas.) 


Order 8. Hyracoides —Long curved incisors; feet with 
pads; toes encased in hoofs. (Hyrax.) 


Onier 9. Toxodontia.—Extinet forms, with well developed 
incisors, (Toxodon.) 


Order 10, Ungulata, —Ungulates; toes encased in hoofs, 
(Equus, Boa) 


Order 11. Carnicora,—'Teeth pointed; claws large. (Felis, 
Canis) 


Order 12. Primates —Beain with cerebrum nearly or quite 
ecovoring the cerebellum ; nails arually present; body 
quadrupedal, quadrumanous, or erect und bimanous, 
(Cebas, Gorilla, Homo.) 


Laboratory Work—Ai) the craniate vertebrates may be dissected in 
the same govoral manuer, either under water In pans, or, If large, apou 
tho dissecting table. The necessary tools are a scalpel, forceps, scia- 
for, and tensculum or liook for suspending the specimens of portions 








630 ZOOLOGY. 


of large subjects for better facility in dissecting. A small sharp- 
pointed narrow-bladed scalpel, besides a large one, carved, as well ss 
sharp-pointed ecissors are useful, with a German silver blow-pipe 
for temporarily distending veesels; and also a blunt-pointed copper 
wire or probe made for surgeon’s use, will be necessary. All these in- 
straments, put up in a compact box, can be purchased at the sargicl 
instrament maker's, aa well as syringes for injecting the circulatory 
organs and vascular parts of the viscera. 


TaBULAR VIEW OF THE SEVEN CLassms OF VERTEBRATES 


VIL MamMantA.—Mawmals, 


VI, AvEs,—Birds, 


» Rerrimté,—Snakes, Usards, eto, 


AcHIA—Salamanders, frogs, ete, 


rupees, 


‘inhes, 





CHAPTER IX. 
COMPARATIVE ANATOMY OF ORGANS. 


Havixo stndied the morphology of animals in a system- 
atic way, it will be well for the student to make a brief re- 
view of those facts stated in the foregoing chapters bearing 
on the origin and successive degrees of complication of the 
most important organs. 

Organs of Digostion—The Mouth and Teoth.—The most 
important organs in the animal system are those relating to 
digestion, as an animal may respire eolely through its body- 
walls, or do without a circulatory or nervous system, but 
must eat in order to live and grow. ‘The opening by which 
the food is taken into the alimentary canal is called the 
mouth, whether reference is made to the “‘ mouth’? of a 
hydra or of a vertebrate ; although the structure of the edges 
may differ radically, still in all .Wetaroa the mouth is due to 
an inpushing of the ectoderm, however differently the 
edge of the mouth may be supported and elaborated, Tho 
edges of the mouth are usually called the lips, but true lips 
for the first time appear in the Mammalia. The trituration 
or mastication of the food is accomplished among the in- 
Yertebrates in a variety of ways, and by organs not always 
truly homologons, 

Hard bodies serving aa teoth occur for the first time in the 
animal series in the sea-urching, where a definite set of cal- 
careons dental processes or tocth (Figs, 78 and 79), with solid 
supports and a complicated muscular apparatus, serves for 
the comminntion of the food, which consists of decaying an- 
imals and sea-weeds. In those Echinoderms which do not 
havoasolid framowork of teeth, the food consists of minute 
forms of life, protozoans and higher soft-bodied animals, 
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effected by the serrated edges of the mandibles of 
the genuine Crustacea and insects. 

Among vertebrates, the lancelet is no better off than the 
majority of the Colenterates and worms, having no solid 

for mastication ; and we have seen that the jaws and 
tooth of the hag-fish and even the lamprey eel form a very 
different apparatus from the jaws and its skeleton in the 
higher vertebrates ; and that, even in the latter, the bony 
elements differ easentially in form in the different classes, 
though originating in the same manner in embryonic life. 
In the birds we have seen that the mandible and maxilla are 
encased in horny plates, that true teeth are remarkably ex- 
ceptionable, the gizzard being, however, provided with two 
hard grinding surfaces ; on the other hand, mammals with- 
out teeth are exceptionable. 

The tecth of fishes are developed, not only in the jaws, 
but on the difforont bones projecting from the sides and 
roof of the mouth, and oxtend into the throat, In many 
cases, in the bony fishes, these sharp recurved teeth serve to 
prevent the prey, such as smaller fish, from slipping out of 
the mouth. On the other band, the npper and lower sides 
of the mouth of certain raya (Myliodatis) are like the solid 
pavement of « street, and act as an upper and nether mill- 
stone to crush solid shells. 

In the toothless ant-eaters the food consists of insects, 
which are swallowed without being crushed in the mouth ; 
true tecth in the duckbill are wanting, their place being 
taken by the horny processes of the jaws, while in Steller’s 
manatee the toothless jaws are provided with horny solid 
plates for crushing the leaves of aquatic succulent plants, 
Examples of the most highly differentiated teoth in verte- 
brates are soon in those animals, like the bear, whowe food is 
omnivorous, consisting of flesh, insects, and berries, where 
the crown of tho molars are tuberculate; while the canines are 
adapted for holding the proy firmly as wel) aa for tearing the 
flosh, and the incisors, for both cutting and tearing the food. 

‘The simplest form of a gonuine digestive or enteric canal 
is to be found in the Hydra, and in a more advanced stage 
fn the marine Hydroids. For the technical name of the 
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Organs of Circulation.—Intimately associated with the 
digestive canal are the vessels in which the products of di- 
gestion mix with the blood and supply nourishment for the 
tissues, or, in other words, for the growth of the body. In 
the Infusoria the evident use of the contractile vesicles is to 
aid in the diffusion of the partly digested food of those mi- 

~eroscopic forms. In the Hydra the food-stuff is directly 
taken up by tho cella lining the colum, while the imper- 
fectly formed blood also finds access to the hollows of the 
tentacles. The mode in which the cells lining the canals 
in the eponge take up, by means of tho largo cilia, micro- 
scopic particles of food, directly absorbing thom in their 
substance, is an interesting example of the mode of nourish- 

- mont of cellular tissues of the lower animals. 

‘The sea-ancmone presents a step in advance in organs of 
‘eiroulation ; here the partly digested food escapes through 
the open end of the stomach into the perivisceral chambers 
formed by the numerous septa, the contractions of the body 
churning the blood, consisting of soa-water and the particles 
of digested food, and a few blood-corpuscles, hither and 
thither, and forcing it into evory interstice of the body, 
even into the tentacles, so that the tissues are everywhero 
supplied with food. 

The water-vascular system of the Cwlenterates presents an 
additional step in degree of complexity ; but it is nob until 
‘we reach the Echinoderms on the one hand, and auch 
worms as the Nemertes and allies on the other, where defi- 
‘nite tubes or canals, the larger ones contractile, and in the 
Tatter type at least formed from the mesoderm, serve to 
convey a trae blood to the various parts of the body, that 
wo have a definite blood system. In the Echinoderms a 
trno hwemal or vascular system may co-exist with the water- 
yascular system. In the annelids, such as the Nereiv, one 
of the blood-vessels may be modified to form a pulsating 
tube or “ heart,”’ by which the blood is directly forced out- 
ward to the poriphory of the body through vossels whioh may, 
eet be called «rteries, whilo the blood returns to 
the “heart "’ by so-called veins, 

‘The mollusks have a circulatory system which presents a 
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Organs of Rospiration—Always in intimate relation with 
the circulatory system are the means of respiration. The 
process may be carried on all over the body in the simple 
animals, such as Protozoa or sponges, or, as in Colenterates, 
it may be carried on in the water-vascular tubes of those 
animals, while in the so-called “‘ respiratory tree’ of Echin- 
oderms it may go on in company with the performance of 
othor functions by the samo vessels, Respiration, however, 
is inclined to be more active in such finely subdivided parts 
of the body as the tentacles of polyps, of worms, or any 
filamentous subdivisions of any of the invertebrates ; these 
parts, usually called gills, though only the gills of tishes are 
trolysuch, present in the aggregate a broad respiratory sur- 
face. Into the hollows of these filamentons processes, 
which are usually extensions of the body-walls, blood is 
driven through vessels, and the oxygen in the water bathing 
the gills filters through the integument, and immediately 
gains acovss to and mixes with the blood. 

The gills of the lower animals appear at first sight as if 
distributed over the body in a wanton manner, appearing 
in some apecios on the head, in others along the sides of the 
body, or in others on the tail alone ; but in fact they always 
arise in such situations as are best adapted to the mode of 
life of the creature, 

‘The gills of many of the lower animals afford an admira- 
ble instance of the economy of nature. ‘The tentacles of 
polyps, polyzoans, brachiopods, and many trae worms serve 
wlio, a3 delicate tactile organs, for grasping and conveying 
food to the mouth, and often for locomotion. The suckers 
or “‘feot’’ of star-fish or sea-urchina also without doubt 
perform tho office of gills, for the Inxurionsly branched, 
beuntifally-colored tontacles of the sea-cnoumber aro simply 
modifications of the ambulacral feet. Ono of the readiest 
waya of judging of the mental condition, #0 to spoak, of a 
‘worm, such as Salella or Terebrella or of a polyzoon or a 
brichiopod, is to watch the movements of their boautifal 
Welicate gills, which are thrust in or out, waved back and 
forth, slowly or suddenly, according to the degree of tran- 
quillity or disquietude of their possessors, 





COMPARATIVE ANATOMY OF ORGANS. 639 
tion of a cell being muscular, the other nervous in its func- 
tions. 


A more definite nervous organization is the disconnected 
bodies and rod-like nerve-cells, and other nervous bodies 
found near the eyo-spots, and the nerve-cells and fibres at 
the base of the sea-anemone ; but, as has been stated, a gen- 
nine nervous system for the first time appears in certain 
naked-eyed jelly-fishes, in which it is circular, sharing the 
‘radiated disposition of parts in these animals. The Echin- 
‘oderms have a well-doveloped nervous system, consisting of 
a ring (without, however, definite ganglia, though masses of 

ionic cells are situated in the larger nerves), surround- 

the msophagus, and sending a nerve into each arm ; or in 

the Holotharians situated under the longitudinal muzolos 
Tadiating from that muscle closing the mouth. 

In all other invertebrate animals, from the worms and 
‘mollusea to the crustaceans and insects, the nervous system 
‘is fandamentally built upon the same plan. There is a pair 
of ganglia above the wsophagus called the * brain ;”’ on the 
under side is usually asecond pair ; the four, with the nerves 
or commissures connecting them, forming a ring. ‘This ar- 
: t of ganglia, often called the “ esophageal ring,”” 
constitutes, with the slender nerve-threads leading away from 
‘them, the nervous system of the lower worms, in many of 
which, however, as also in the Polyzoa and Brachiopoda, 
the subasophageal ganglia are wanting. Now to the 
msophageal ring with its two pairs of ganglia add a third 
pair of visceral ganglia, and we have the nervous syatem 
of the clam and many mollusks. In the higher ringed 
worms, the Annulata, and in the Crustacca and Inscets, a 
chain of ganglia, or brains, which is ventral, lying on the 
floor of the colum or body-cavity, completes the highest 
form of nerve-centre found in the invertebrate animals, 
unless we except the mass of ganglia, partly enclosed in an 

cartilaginous capsule of tho Cephalopods, which 
hints at the brain and skull of Vertebrates. The nervous 
cord of tho Appendicularia, an Ascidian, is constructed on 
the same plan as in the Annulata, bat the mode of origin and 
apparently dorsal position of the nervous system of the 
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bly perfect eye, consisting of a projecting spherical lens 
covered by the skin, behind which is u vitreous body, a 
layer of pigment separating a layer of rods from the extor- 
nal part of the retina, outside of which is the expansion of 
the optic nerve. Eyes are also situated on the end of the 
‘body in somo worms, and in a worm called Polyophthalmus 
guch segment of the body bears « pair of eyes. 

‘The eyes of mollusks are, as a rule, highly organized, un- 
til in the cuttle-fish the eye becomes nearly as highly de- 
Yelopod as in fishes, but still the eye of the cuttlo-fish is not 
homologous with that of Vertebrates, since in the former 
‘tho crystalline rods are turned toward the opening of the 
eye, while in Vertebrates they are turned away from the 
Opening of the oye, so that, as Huxloy as well as Gegen- 
buur show, the resemblance betwoon the eye of the Ce- 
phalopods and of the Vertebrates is « superficial one. 

While, as we havo scon, the eyes of the worms and the 
mollusks ure situated arbitrarily, by no means invariably 
Placed in the head, in the Ornstaceans tho eyes assume in 
general a definite position in the head, except in a schizo- 
pod crustacean (Zuphausia), where there are eye-like organs 
‘on the thorax and abdomen. In insects there aro both sim- 

and compound eyes occupying dofinitely the npper and 
t part of the head. 

The eyes of the lancelet are not homologous with those 
of the higher Vertebrates, boing only minute pigment spots 
comparable with those of the worms. In the skulled Vor- 
tebrates tho cyos are of « definite number, and in all the 
‘types oceupy a definite position in the head. 

Tho Bar.—The simplest kind of auditory organ is to bo 
found in jelly-fishes, where an organ of hearing first ocours. 
Th these animals, situated on the edge of the disk, are minute 
Yesicles containing one or more concretionary bodies or 
eryatals, Reasoning by exclusion, these are supposed to rep- 
‘Tesent tho ear-vesicles or ofocysts of worms and mollusks ; 
and the concretions or crystals, the ofoliths of the samo kind 
of animals, 

‘The otocysts or simple eyes of worms and mollusks are 
minute and usually difficult to find, vapecially the auditory 
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CHAPTER X. 


DEVELOPMENT AND METAMORPHOSES OF ANI- 
MALS. 


Embryology.—The detelopment of the individual is often 
ab epitome of the classification of the order or class to which 
Gt belongs, as well a: of the development or appearance in 

jeal history of the different members of the order or 
which the individual belongs. The changes under- 

the animal within the egg are often so sudden and 

that the separate chapters of its history as an em- 

can be read side by side with the history of the suoces- 

of the different genera and families of its type in past 
ges, Moreover, it is now generally supposed by naturalists 
‘that these critical periods in the development of the individ- 
mal have a constant relation to external causes which have 


Changes are the result of influences and changes in the sur- 
Toundings of the forms which have preceded. So much in- 
terest, therefore, attaches to the subject of the early derelop- 
ment of animals, that much prominence has in tho foregoing 
“ho siven to the matter. 
fe may now briefly review the more striking phenomena 
of developmont in the invertebrate animals, and close with a 
#immary of the mode of development of Vertebrates. 
‘Who eggs of all animals consist of three portions, the egy 
ioe consisting of u mass of protoplasm enveloped by 
Yolk or food-stuif, the nucleons or germinative yosicle, 


and tho nucleolus or germinative spot. 
Before the egg is ready for fertilization it undergoes o 
Special process of maturation, involving the following surien 
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OS teem ch enact “sl * goes 
when they are cet free frem the mether<ell In this 
form they are very active, and effect the fertilization 
Ogg of an animal of the mame species This ix due to 

ont of one spermatozoon with the femmale pronucleus situ- 


hereafter form 

it pushes in at 

chloe the portion es forced ix called the inner 

Sgorm-layer (endoderm) and the outer is called the ectoderm 

‘or outer germ-layer, and in this condition the germ is called 

Bgastrula, Subsequently, a third layer develops from the 

others—just how is not certainly known—and after this the 
different tisanes Lecome 

All animals, from sponges to man, become first two- and 

afterward throo-layered sacs ; eo that all animals above the 

_ Protozoa not only, a8  rale, originate from eggs, but may be 

Baten fag oe emi ent 

point the members of different types of 

) diverge. How different are the modes of development 

has been set forth in the different life-histories 

Bat the laws 


the workings of these laws of developmont aro in- 
with by sudden accidents, by too scanty nourish- 
and by tranamission of the effects of such acci- 


~ fuller, more consecutive, thoagh stil! fragmentary account, 
fe referred to the author's “ Qutlines of Comparative Em) 
Inryology, or Life Histories of Animals, including Man." 
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Jayer are destined to arise the akin and wall of the body 
with the nervous system ; from the seoond (mesoderm, in 
‘the embryo called the mesoblast) are formed the heart and 
‘the vasoular system, as well as the stomach and intestines, 

The middle layer now thickens, causing the mark known 
‘as the “* primitive streak,’’ along the middle of which runs 
the “ primitive groove.”’ The notochord now appears and 
the primitive vertebre (protovertebra, Fig. 540). The am- 
‘Wion arises as a membrane, splitting off from the outer gorm- 

of the ombryo, and finally forms a cavity which is 
i with a fluid. About this time the allantois arises as 
an offshoot of the alimentary canal, budding out at the 
hinder ond of the embryo, and finally carving over the em- 
bryo, serving as a fmtal respiratory membrane. 

Second Day.—The three portions or vesicles of the brain 
now appear (Fig. 540), as well as the alimentary tract and 
hheart, both arising in the head-fold or enlargement (Fig. 540, 
@ to c), and soon the blood-vessels arise as channels in which 
Dlood-corpuscles appear, originating as amoba-like cells 
separating from the cellular mass of the mesoderm, Dur- 
ing the second day also the eyes and ears bogin their deyel- 
opment, being at first simply folds or inpushings of the 
outer germ-layer. 

Third Day.—This is one of the most eventful days, as im- 
portant steps in the elaboration of the different organs are 
taken ; the different parts of the brain, of the alimentary 
tract and its appendages being sketched out, and the radi- 
monts of the lungs, the liver, pancreas, nose, and different 
parts of the eye and ear appearing. On the fourth day the 
Wings and legs grow out, appearing first as flattened buds. 
The notochord, which is indicated by the second day, by the 
#ixth begins to diminish in size, disappearing by the time 
the chick is hatched, while by the twelfth day the deposition 
‘of bone in the bodies of the vertebra commences. Between 
the dightioth and one hundredth hour the internal differences 
in the sexes appear, the testes boginning to arise on the 


Fifth Day.—Vho limbs have by this time developed so as 
to show the knoe- and elbow-joints, as well as the cartilages 
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Which precede the formation of the bones of the digita and 
Timbs. The primitive skull also arises from the mesoderm. 
ot the sixth day it would be impossible to say whothor 
the embryo was that of a bird, reptile, or mammal, but now 
) tho charactors peculiar to birds appear. The wings and logs 
manifest their bird-like characters, the crop and intestinal 
‘eu ure indicated, ‘ the stomach takes the form of a gix- 
| ard, and the nose begins to develop into a beak, while the 
" ineipiont bones of the skull arrange themselves aftor the 
" @yian type. . . . From the eleventh day onward, the embryo 
| Buocessively puts on characters which are not only avian, 
but oven distinctive of the genus, species, and variety’ 
, ). By the ninth or tenth day the feathers originate 
“sacs in the skin, while the naila and scales begin to ap- 
Pear on the thirteenth day, and at this time the various 
" mitscloa of tho body can be distinguished. Development is 
Phu soon to bo from the general to the special, from the 
‘Himple to tho complex ; tho trank is first indicated ; while 
the peripheral parts—i.¢., the extremities, the digits, the 
#kin, feathers or scales, or hair, whatever be the typo of 
Wortehrate—are the last to be elaborated ; in other words, 
the characters of the branch, class, and orders are the first 
to be evolved, those of the family, genus, and species the 
Taat 
The development of the rabbit, guinea-pig, or any mam- 
mal, including evon man, follows much the same order aa 
in the chick, there being, however, a well-marked morula ; 
the differonces are due to the fact that the embryo mammal 
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by the gvological succession of the representatives of the 
different classes, ux without much doubt lancelets (or at least 
acraniate, boneless forms) were the first Vertebrates to ap- 
pear, and we know that fishes appeared before Amphibians, 
that thoir type culminated before the reptiles held full 
away in Mesozoic times, and that birds, after them mam- 
mux, and, last of all, man appeared, who crowns the series 
of vertebrate forma. 

Motamorphosis.—While many animals are hatched like 
the chick with the form of the parent, others pass through 
a series of changes of form called mefamorphoses ; these 
e@hanges of form adapt the animal to changes in its sur- 
roundings, involving alterations in its mode of life—slight if 
the change of body-form is slight, thorongh-going and radi- 
eal if ita body becomes profoundly modified. As an exam- 
ple of a complete metamorphosis may be cited the life-his- 
tories of tho jolly-fidhes, the star-fish, sea-urchins, sea-cu- 
eumbers, the marine-worms, the mollusks, the crustaceans, 
insects, and the sulamanders and toads and frogs, already de- 
seribed in the foregoing pages, If the student will read and 
compare these different accounts, and then consider the 
striking differences between the complicated histories of cor- 

Rpocies, compared with the direct mode of growth of 
otlor species of the same order or family, or even of the 
game genus, the inquiry will arise, What is the purpose or 
ue of such a porica of changes? If ho look carefully into 
the ombryological changes of those species which are born 
‘of hatched with tho form of the adult, he will seo that their 
Gmbryological history is, in point of fact, a condensed suim- 

of the changes undergone after hatching by their co- 
4 Which, to gain tho samo adult form, have been sub- 
by nature to a series of complicated, and, at first 
= superfluous changes of form and environment, 

Most shrimps and crabs undergo a complicated metamor- 

+ in the different changes of forms they lead different 

are subjected to different surroundings, the larve, 

for tho most part, being free-swimming and living near the 
wuelaco of tho water, while the parents aro stationary. The 
“Amrnacle, when vory young, swime near the sarface of the 
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of which lay ogus, while the redia or proscolex of the samo 
worm produces cercuri# by internal budding. Here also 
tay be cited tho cases of strobilation of the Aurelia, tho 

a . the Nais, Syllis, and Autolycus, among Anne- 
Vids. ‘Thus among Colenterates and worms, us well as some 

a large number of individuals are produced, 
‘Hot from egys, but by budding. 

‘Bimilar occurrences take place among insects, us the 
Aphis or plant-louse, in which a virgin Aphis may bring 
Horth in one season nine or ten generations of Aphides, so 
Phat one Aphis may become the parent of millions of 
Young. These young directly develop from eggs or buds 
Which are never fertilized, hence the torm parthenogenesis, 
OF Yirgin-reproduction, sometimes called agamogenesis (or 
Birth without marriage). The bark-lice as woll as the 
“Aphides develop in this mannor during the warm wea- 
ther; but at the approach of cold both male and female 
“Aphidos and Coccidw appewr, the femules laying fortilized 
ges, the first spring brood thus being produced in the 
‘normal, usual manner. 

Still more like the production of young in the redia of 
the Tromatode worms is the case of tho larvaof a amall gull- 
gnat (Miasfor), which during the colder part of the year from 
Mitumn to spring produces a series of successive generations 
of larve like itself, until in June the last brood devolops 
Gnto sexually mature flies, which lay fertilized oggs. 

While the larval Miaster produces young like itself, the 
i of another fly, Chironomus, also lays unfortilized eggs. 

mimber of moths, including the silk-worm moth, aro 
Known to lay unfertilized eggs which produce caterpillars. 
Among the Hymenoptera, the currant saw-fly, certain gall- 
Mies, several species of ants, wasps (Polistes), and the honey- 
bee, are known to produce fortile young from unfertilized 
> in the case of the ants and bees, the workers lay oggs 
result in the production of males, while tho fertilized 
Wage nid by the female ant or quoen bee produce females 
or workers. 


Taking all these casve togethor, parthenogenesis in moon to 
Vo due to budding, or cell-division, or multiplication, Now, 
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ants and bees, a distinct form so as to be roadily recog- 

ized ut first sight. Among the Colenterates and worms 

the forms reproducing by parthenogenesis are usually larval 

Or immature, as if they were prematurely hurried into ex- 

Gstence, and their reproductive organs had been elaborated 

Fh tdvance of other systoms of organs, for the hasty, sud- 

‘den production, so to speak, of large numbers of individu- 

‘ala like themselves. 

Th insects, as we have stated elsewhere,* dimorphism is 
ly connected with agamic reproduction. Thus the 
Wingless, asexual Aphis and the perfect winged 

hen Aphis may be called dimorphic forms. ‘The per- 

wt female may assume two forms, so much so as to be mis- 
taken for two distinct «pecios. Thus, an oak gall-fly (Cy- 
quercus-spongifica) ocours in male and female broods in 

‘the spring, while the autumnal brood of females were de- 

Meribed originally as a separate species under the namo C. 

‘aeicnlatt, Walsh considered the two sets of females as di- 

i¢ forms, and that Cynips aciculala lays eggs which 
C. quercus spongifica. Among butterflies, dimor- 
oconrs. Papilio memnon has two kinds of females, 

‘ne being tailloss, like tho tailless male, while Pepilio Pam- 

Won iz polymorphic, there being threo kinds of fomalos be- 

sides the mule. 

There are also four forms of Papilio Ajaz, the three 
‘others being originally described as distinct species under 
the name of P. Marcellus, P. Telamonides, and P. Walshii. 
Our Papilio glavcus is now known to be a dark, dimorphic, 
elimatic form of the common Papilio Turnus. Thor are 
dimorphic males among certain beetles, as in the Golofa 
haslata Dojoan, of Mexioo, in which one set of males are 

and have a very large erect horn on tho prothorax, 
in the other the body is much smaller, with a yury 

‘Vomporature is also amociated with the production of 
Polymorphic forms in the temperate rogions of the earth, 
‘Ba sen in certain butterflies, southern forms being varicties 


* Gulido to the Study of Insects, alxth edition, p. 52, 
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‘of free motion and of maintaining an independent existence. 
So with many other Coslenterates and with the tapeworm, 
Whose proglottides or segments are finally capable of sepa- 
Tate existence. Among the higher invertebrates, oven the 
different members of a colony of white or true ants lack a 
certain amount of individuality, the workers performing 
Tabors upon which the maintenance of the very existence of 
the colony depends, so that there are different grades of in- 
dividuality, from examples like the Hydractinia and the 
Siphonophores up to those insects which live socially ; and 
wo see that the most perfect individuality exists in those 
animals which can most efficiently provide for their own 
sustenance and for the continuance of their specica, 

Hybridity.—It is rare that two species, even of the same 
genus, can produce offspring ; when such cases occur, the 
result is called a hybrid. For oxample, the mule is a hybrid, 
being bred from a female horse and an ass ; but the mule 
is not fertile, and hybrids are very rarely fertile. The In- 
dian dog and coyote are said by Cones to interbreed, and 
on the Upper Missouri we have seen dogs which had every 

ee of being such hybrids. Dogs also cross with the 
fox (Darwin). The American bison is known to breed with 
the domestic cattle—whether the offspring is fertile re 
mains to be seen. 

Darwin states that he knows of no thoroughly well-au- 
thenticated cases of perfectly fertile hybrid animals, though 
he adds, ‘‘I have reason to believe that the hybrids from 
Corvulus vaginalis and Reevesii and from Phasianus col- 
chicus with P. torquatus are perfectly fertile.’ The hare 
and rabbit are supposed to have fertile offspring ; the hy- 
brids of the common and Chinese geese (Anser cygnoides) 
have interbred. The crossed offspring from the Indian 
humped and common cattle interbreed. Among insects 
different moths hybridize, but it is not known whether the 
offapring aro fertile, unless such be the case with the com- 
mon black and Italian bees, which are supposed to be dis- 
tinot species, 
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tropics, as a whole, being unlike those of the temperate 
zonce ; while arctic and antarctic animals have features in 
common, Mountains serve as most important barriers, re- 
straining animals within their limits ; thus the basins be- 
tween or surrounded by continuous ranges of mountains 
harbor faune differing from those on the opposite sides of 
the mountains. For example, the majority of the animals 
of the Great Basin between the Rocky Mountains and the 
Sierra Nevada differ from those of the Pacific slope or the 
prairie lands lying cast of the Rocky Mountains, as the 
meteorological and geological features are different, Tho 
Cordilleras of South America form a barrier to the diffusion 
westward of Brazilian animals, Still this fact is not to be 
taken too literally, as the mountains are divided by valleys 
and rivers, which afford means of communication and an 
interchange of specific forms; thus certain species of ani- 
mals of the Rocky Mountain plateau occur on each ido of 
the range, as do those in the Alleghany district of the At- 
Inntic coast. In the West Indian and especially the Hawa- 
iian Islands, where the species of land snails are very numer- 
ous, certain forms are restricted to the deep narrow valleys, 
being confined to very restricted areas, So also the cold 
Alpine summits of the White Mountains of New Hump- 
shire, of the Rocky Mountains, of the Alps and Scandina- 
Vian mountains harbor a few specios either peculiar to those 
extremely limited tracts or found northward in the Arctic 
regions. 

Deserts may act much as inland seas to separate the ani- 
mals of the adjoining more fertile tracts, and they afford 
dwelling-places for animals which are incapable of living 
elsewhere. Desert faunw have a gonoral facies tho world 
over, though the original elements out of which the fuunw 
have been made up may radically differ. 

‘The distribution of plants also has much to do with that 
of those animals which are dependent on them for food ; 
as 4 rule, the distribution of both plants and animals do- 
pends on the same physical causes, 

rivers sometimes act aa barriers, but more often, 
perhaps, aid in the diffusion of the smaller forms, euch as 
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sometimes for hundreds of miles, and in this apparently 
haphazard way islands aro, in part at least, supplied with 
their quota of animal life. 

Great rivers, like the Missouri, Mississippi, and the Ama- 
zons, afford moans of transportation from one part of a con- 
tinent to another, from the interior to the seabourd, of 
which many fishes, insects, and especially fuviatile mollusks, 
avail themselves. Artificial means of crossing broad rivers 
ure offered, to insects especially, by country-roads and bridges 
and railroad bridges, of which the potato-beetle and the 
eabbage-butterfly have fully availed themselves. The Colo- 
railo beetle has advanced steadily castward, suddenly ap- 
pearing in isolated points in Now England, having appar- 
ently boon transported by through grain-cars from Chicago, 
and has been carried to Europe in vessels. The European 
cabbage-buttertly introduced into Quebec spread sonthward 
into Maino along the Grand Trunk Railroad, into Now 
York along tho railroads from Montreal to Now York, and 
then along the railroads to Washington. 

Geological changes, such as tho rise and submergence of 
the edges of continents, and also the incoming and wane of 
the glacial period, were still more general and fondamental 
Means of the dispersal and rearrangement of faunm. 

Division of the Earth into Faune.—When we go from 
Maine to California we shall find that the faunistic features 
of the country radically change three times. Leaving the 
moist, temperate, forest-clad Atlantic region with its char- 
acteristic animals, and entering on the broad, treeless, dry, 
elevated plateau of the Rocky Mountains, we shall notice 
that tho Atlantic fauna has been replaced almost wholly by 
anew and strange assemblage ; and whon we descend the 
Pacific slope of the Sierra Nevada, there will be found to 
be & Hocond replacement, though much leas marked than 
‘the first. Again, when we pass from Labrador to the Isthmus 
‘of Panama, we shall find several distinct faunm, from an 
‘arotic one to a purely tropical one. If we panse at Wash- 

and analyze the fauna of that point, we shall see 
that it is mado up mainly of animals common to the Middle 
Atlantic States, with an infusion of northern and southern 
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On inquiring into the origin of the North American 
fauna, in the light of the geological history of the conti- 
nent, we shall find, first, that immediately preceding the 
glacial period, Arctic America was peopled by a flora and 
fauna of which the larger proportion of the animals of the 
continent north of latitude 30° are probably the descend- 
ants ; and, second, thata number of species migrated north- 
ward from the South American Continent. Now, when 
the glacial period came in, the semi-tropical and warm tem- 
perate animals of the northern two-thirds of the continent 
‘were mostly swept out of oxistenco; scanty arctic fanna 
took their place ; as the ice melted and retreated to its pres- 
ont limita, the present assemblage of temperate animals, 
mostly modified descendants of those originally driven south, 
migrated back again and colonized the region laid compara- 
tively bare by the ice and cold of the glacial poriod. This 
is an illustration of the aweeping extinctions, recolonizations, 
and extended migrations of animals on our continent in 
former times, by which the existing relations of faunm have 
been brought about, Parallel events have occurred on the 

Asiatic Continent, and thus geological extinctions 
and widespread migrations and recolonizations have taken 
place ; and it is only in this way that the existing relations 
in the geographical distribution of animals as well as plants 
can be accounted for. 

Tt should also bo observed that in the beginning of 
things the continents were built up from north to south— 
such has been at least the history of the North and South 
American and the Europoo-Asiatic and African Conti- 
nents; and thus it would appear that north of the equator, 
at least, animals slowly migrated southward, keeping pace, 
as it were, with the growth and southward extension of the 

land masses which appeared above the sea in the Pa- 
loozoio Ages. Hence, scanty as is the arctic and temperate 
regions of the earth at tho prosont time, in former ages those 
regions were as prolific in life as the tropica now are, the 
latter regions, now 4o vast, having all through the Tertiary 
and Quaternary ages been undisturbed by great geological 
revolutions, and meanwhile been colonized by omigrante 
driven down by the incoming cold of the glacial period. 
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Acadian fauna and a few in the Virginian fauna, as the 
Labrador or current passes down along the coast, 
bathing the New England coust north of Cape Cod, and 
even extending under the warm surface. water aa far us Now 
Jersey. On the other hand, the great volume of heated 
tropical water forming the Gulf Stream issuing from the 
Straits of Florida makes its influence most sensibly felt as 
far a3 Cape Hatteras, and in a diminished degree to Cape 
Cod, and even southern shells, etc., are found as outliers of 
more southern faune near Portland, Me., and Nova Scotia. 

As we descend from the shore into deep water, the tem- 
perature becomes lower and lower the deeper we go, until 
‘we come toa stratum or zone of water about 32°-36° Fubr., 
where ciroumpolar or arctic life alone abounds, Wherever 
deep off tho coast or at the bottom of bays or gulfs 
ovcur, the water is found to be colder than elsewhere ; just 
as when we ascend a mountain the air becomes colder, un- 
til at tho Alpine summits we find an arctic temperature 
and fauna ; thus, in the sea, increase of depth is paralleled 
by increase of height on land. 

Usually, off the coast of the United States, north of New 
York, thero is a distinct zone of life between high and low 
water, # second extending to the depth of about fifty fathoms, 
anda third to one hundred fathoms or over. At a depth of 
from one or two hundred fathoms in the Northern Atlantic, 
and from five hundred to one thousand fathoms in the sab- 
tropical and tropical seas, down to the doopost parts of the 
ocoan, now known in a few points to be about five miles in 

th, the water is about 32° Fahr. and the animal life is 
polar in its nature. Tho water of the oocan all over the 
globe, as shown by the results of the ‘‘ Challenger’ and 
other expeditions for the exploration of the soa at great 
depths, evorywhere below a depth of one thousand fathoms, 
ik of an arctic temperature, overlaid by the heated water of 
the tropics, Tho abysses or deeper parts of the ocoan-hed 
support a nearly uniform assemblage of life, which may be 
called the deep-sea or abyssnl fauna, The animals largely 
consist of Echinoderms, notably Orinoids, with Comlonterates, 
mollusks, worms, and Crustacea, and it is an interesting fact 
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. Indian region, with two provinces, viz, ; 
@, Continental, 
& Insular. 


V. South American Temperate realm, with two provinces, viz, + 


o Andean. 
®. Pampeas. 


VI. Australian realm, with threo regions, viz. : 


1. Australian, with two provinces, viz, : 


@, Australian. 
6, Papasan, 


2. Polynesian, 
3. New Zealand. 


‘Vil, Lemurian realm, undivided. 
VII, Antarctic or South Circumpolar, undivided. 


of Animals.—Intimately connected with xoogeog- 
‘are the migrations of animals, especially birds. Nearly all the 
Wirds of the United States which breed in the central and northern 
portions pass southward in the autumn, and winter in the Southern 
States or in Central America and the West Indices. Most of the birds 
which breed in Northern and Central Europe fly at the approach of 
cold weather into Southern Europe or across the Mediterranean into 
Northern Africa, The causes of this regular periodical migration are 
probably duc, primarily, to the changes of the seasons and to the want 
‘of food in the colder portion of the year, and, secondarily, to the 
breeding habits of birds. 

‘The periodical migrations of fishes from deep to shoal water sre 
connected with their breeding habits, the marine fieh being in most 
cases compelled to spawn in rivers or In shoal-water. ‘The migratory 
movements of fishes along the coast are probably connected with the 
presence or absence of their accustomed food. 

‘The partial, occasional migrations of locusts depend on the undue 
Increase in the numbers of the insects, and the consequent lack of 
food, while the direction of the swarms is largely dependent on the 
general course and force of the winia, 
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#ea-urchins and of ammonites, the older being of simpler, 
more generalized forms, and the later with a greater 
specialization or claboration of the different, especially ox- 
ternal, hard parts of the body. 

When we ascend to the Amphibians, the reptiles and the 
mammals, we shall find that there has been an claboration 
or working out into great detail, of the parts most used by 
the animal, this differentiation being more and more marked 
4 we approach the proeont time ; and this has been in ac- 
cord with the building up of the continental masses, and 
the differentiation or specialization of the surface of the 
different continents into plains, plateaus, highlands, and 
mountain ranges, with their different climatic features, 
and the dividing up of the waters into mediterrancan 
gous, friths, flords, rivers, and lakes, Thus the extinction 
of successive faunw all over the globe has been followed by 
the appearance of new sets of animals, each assemblage be- 
ing adapted to the new and improved condition of things. 

Having seen that the earlier forms of life were of a sim- 
pler form, though often combining the features of diverse 
classes and orders of animals which appeared afterward, 80 
that Agussiz called them, in some cases, prophetic types, 
combining as they did characters which have been trans- 
mitted to two or more later groups, and these specially elab- 
orated, so that such generalized or prophetic types serve aa 
points of departure from which several sories of forms have 
arison—having traced the law or principle underlying the 
geological succession of animals, we may inquire whether 
this has been paralleled by the development of any one of 
the mombers of a group. That this is the case has been 
proved by Hyatt, who shows that the development of the 
individual Ammonite is paralleled by that of the geological 
succession of the members of the order to which it belongs. 
Stalked Crinoids were the style in Palwozoic ages, while free 
Orinoids are more abundant at the present day; and we 
have seen that in the individual development of the existing 
Antedon, the young is stalked at first, afterward becoming 
free. The young, bony fish has at first o cartiloginons 
skeleton and a hoterocercal tail, these being characteristics 
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CHAPTER XIII. 
THE ORIGIN OF SPECIES, 


Tue extinction of species was in some cases gradual, in 
others sudden, so in all probability as different assemblages 
of life became slowly extinct new forms as slowly originated 
from them by genetic deacent and took their places. While 
here and there certain species, under favorable circumstances, 
suddenly appeared, if we could have been there to look on, 
it would perhups have been as difficult to have observed the 


process as it is at the present day to observe the changes 
going on in the relation of existing faunw., We know, 
however, that changes are going on in the world of life about 
ns, that the balance of nature is being disturbed. 

The nature of the evidence tending to prove that species 
have originated through the agency of physical and biologi- 
cal laws is mainly circumstantial, there being comparatively 
few facts in demonstration of the theory, the direct act of 
transformation of one spocies into another under the eye of 
scientific experts having never been observed. 

Reasoning 4@ priori, we assume that organisms, both 
plant and animal, have been created by development from 
pre-oxistent forms because it agrees with the general course 
of nature. All the events in geology, as in physics and as- 
tronomy, being duc to the operation of natural Jaws, it is 
Feasonubly supposed that the prodaction of all tho species 
of plants and animals from original simple forms, like the 
Monera or bacteria, have been the result of the action of 
natural law. Tho study of the early forms of life found in 
the Palwozoic strata ; the laws of Lhe succession of types ; the 
correlation existing between tho dovelopment of the indi- 
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into races, and that no two individuals of a race are ex- 
alike. Whore the climate and soil remain the same, 
species tends to remain fixed and stable ; remove the 
bility in the environment, or subject the individuals of a 
to changes of soil and temperature, and expose it 
than usual to the attacks of its natural enemies, it 
gins to undergo achange. ‘This is seen in those in- 
of a speciea which live on the borders of lowlands 
h of deserts and fertile tracts, of salt and 
ckish water, of shallow and deep water, and of polar and 
nperate zones, or to tho influence of alternating cold and 
weather. When, as in some cases, climatic or other 
suddenly change, we may have species and even 
suddenly appearing, as is known to be the cae in 
change of one genus to another of brine shrimps when 
the water changes from brackish to a brine, as worked out 
Schmankevitch in Russia. 
_ ‘The struggle for existence resulting in the survival of the 
tteat is a fuct now generally obwerved. The cod may de- 
posit several millions of eggs, but of this immense namber 
only one or a fow pair of adults survi hore are probably 
no more codfish now than two conturi 
‘az many; the eggs are devoured by different animals, the 
{ eee. as soon as hatched, form the food of larger fish, 
‘grown cod serve to supply the wants of larger animals, 
until finally the survivors may be to the original number of 
aa one to a million. The queen bee may, during her 
whole life, lay more than a million of eggs, the queen 
white ant may lay eighty thousand eggs a day, an Aphis 
may be the mother of a hundred young, thoeo hundred may 
‘each produce their contesimal offspring until the result in one 
season, at the end of the tenth generation, amounts tou 
mintillion of plant-lice ; but most of these insects sorve ax 
food for other species, many die of disease and cold, until 
‘at the end of the season only one or several pairs survive to 
lay a few eggs, which represent the species in the wintor-time. 
Lastly, the variation in domestic animals, the result of 
the subjection of the species to influences not felt in what 
wo call « state of nature, is an indication that animals not 
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Lio human interference may vary when subjected 
anges in their environment, Also the fact that man cau. iy 
weful selection, breed races of horses adapted for drau, 
Wz races of cows for different qualitic 
milk : heeves for meat : races of sheep for pre-eminence it 
yof their wool or mutton, or races of dove 
y for beanty, usefulness, or other qualiti the fact 
that gentleness, and generally good mental qualities. 
made to replace vieinusness in horses, cattle, dug 
and nemny other facts, in the art of breeding anima’ 
io fanciers, indicate that nature has, through the past aze 
the operation of natural laws, evolved 
animals which hive followed constantly 
of development, the outeome of which. are creatures the hes 
: tel to withstand the struggle for existence. the most 
! in the scheme of nature, and the most in harmony with 
ie world about them, Progress, on the whole, therefore. 
> boon beneficent, the best proof of which is the last 
onduct of evelution, man, the paragon of ereutiun. 
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CHAPTER XIV. 
PROTECTIVE RESEMBLANCE. 


Crosery related to the foregoing subjects i is the protective 
Tosemblance or ‘* mimicry’ of natural objects by which epe- 
cies of animals are preserved from extinction. Animals may 
*mimic”’ or imitate, or be assimilated in shape or in color 
to natural objects, as stones, lichens, dry bushes, the bark 
of trees, or portions of leaves, or entire leaves, fresh or 
dried, and their stems, or so closely imitate other animals 
which enjoy an immunity from attack as to escape notice 
or attacks from their enemies, and thus prolong their own 
fives and that of their species. 

‘The animal is, as a rule, unconscious that it is thus pro- 
tected ; though there are examples, a8 in the case of the 
trap-door and other spiders, which cover their holes in such 
a way to avoid notice that it would appear as if they were 
s0mi-conscious or aware of what they were doing, 

Tn the first place, we know that animals may be docoived, 
as is proved by the various subterfages employed by hunters 
in tolling or deceiving the larger quadrupeds, the use of 
decoy-ducks, by which water-fowl are often thoroughly de- 
eoived and brought within reach of the gun. 

‘Tho disguises worn by animals, the exquisite adaptation 
of the colors of their fur or feathers to their surroundings, 
are partof the general harmony existing throughout nature. 
Desert animals are rusty or light-colored ; birds and insects 
and lizards, as well as frogs and tree-toads, which live among 
trees, are green ; those which live among the tranks and 
larger branches of trees assimilate in color to the color of 
the bark. Tho cougar, which clings to the trank of some 
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back, The caterpillars of the geometrid moths often won- 
derfully mimic the stems of the plants they feed upon, in 
color and markings, even to the 
warts and tubercles on their skin, 
As an example of possibly con- 
scious mimicry or effort at conceal- 
ing their nest from the search of 
their enemies, may be cited the trap- 
door spider observed by Moggridge 
in Southern Europe. his spider 
digs its hole among moss and small 
@ ferns, and after tho trap-door is 
made the top is covered with growing 
ee ita ont erest (v- forns, oto., transplanted by the spider, 
and the deception is so perfect that 
Mr. Mogyridge found it difficult to detect the position of 
the closed trap, even when holding it in his hand. 
Mimicry of other insects is of 
very frequent occurrence, certain 
flies resembling bees in appearance 
and the sounds or buzzing they 
make; the Syrphus flies closely 
imitate wasps. Fig. 545 illustrates 
acase observed by Bolt in Nicara- 
gua, where a wasp (Priocnemis) is 
mimicked by « hemipterous insect 
(Spiniyer Tuteocornis Walker, the 
Tefi-hand figure) in overy part, 
‘even to its vibrating, brown, semi- 
transparent wings and its wasp-liko 
motions. Here the bug is evidently 
protected by its reseomblance to the 
‘wasp, for whose forocity and sharp 
sting all unarmed insects have 
t, 


respec 
Some butterflies are distasteful Vig. Btt.-tilok tenets 
‘to birds, and thero are othor but- 
terilies which have no bad taste, but closely resemble in 
color mich spocies as aro passed over by birds. Thus, 
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ery of red and blue, hops about in the day-time, and, as he 
proved by experiment, is thoroughly distasteful to fowls 
and ducks. 

We have seen that many animals resemble externully those 
above them in the scale of life ; in the synthetic or gonoral- 
ized types from which the more specialized forms have prob- 
ably originated, there are characters which cause them to 
resemble more recent, new-fashioned types. It is possible 
that in many cases the older types, doomed as thoy were to 
destrnction, have had their existence prolonged by thoir 
Protective resemblance to modern types. 

For example, the Newropfera asa group are geologically 
of high antiquity ; owing to geological extinction, but few 
Bpecics, compared with those of other orders, have ervived ; 
and those which aro now living often resemble members of 
higher, more recent orders. ‘The inference is, then, that 
the mimickers have survived by reason of their resemblance 
to the more abundant forms which appeared, a4 the more 
old-fashioned typos were waning or dying out. 

Certain Brazilian species of the lopidopterous family, 
Zyganide and Bombycida, mimic in form and coloration 
certain butterflies, especially the Heliconide, whieh abound 
in Brazil. ‘The former groups are evidently the older geo- 
logically, as there aro wide gaps between the genera; and 
the indications are that these butterfly-like moths have 
likewise, from their resemblance to the more abundant Heli- 
conde, been preserved. It thus appears that protective 
Mimicry may be an important factor in the preservation of 


species, 
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hot only have feelings, intelligence, and volition, but are 
possibly, in a very slight degree, self-conscious. The fact 
that animals exercise discrimination in the selection of 
food, in the choice of a flower or object of one color in 
preference to unother, in perceiving likeness or unlikenoss in 
two objects, indicates that they can exercise the power of 
intelligent discrimination, as has been said by Mr. G. H. 
Lewes :* “‘ When there is no alternative open to an action 
it is impulsive ; when there is, or originally was, an alter- 
native, the action is instinctive ; where there are alterna- 
tives which may still determine the action, and tho choice 
is freo, we call the action intelligent.”’ 

Tndeed, animals have the principle of similarity strongly 
Meveloped. It is the bond that holds together the social or- 
#anizations of such insects as live in colonies, and such fish, 
birds, or mammals as go in schools, flocks, or herds, Were 
it not for this mental quality some species would tend to 
die out. 

Animals possees memory, which consists in atoring up in 
the mind the results of external impressions, so that thoy 
are enabled to perceive the points of resemblance or differ- 
énce between two objects, after having been out of sight of 
them for # greater or less length of time. Bain defines 
memory, acquisition or retention, as ** being the power of 
continuing in the mind impressions that are no longor atim- 
niated hy the same agent, and of recalling them afterward 
by purely mental forces." 

With the aid of memory, birds make their migrations, 
bees and ants find their way buck to their nests. As wo 
have elsewhere said, ‘‘ No automaton could find its way 
hack to a point from which it had once started, however 
well the machine had been originally wound up. Nor does 
the common notion of an inflexible instinct meet the case. 
Momory is often duo to a repetition of certain experiences, 
nd experiences lay the foundation for instinctive acts ; it 
is the sum of these inherited experiences which make up 
the total which passes under the namo of instinot.’"t 

* Article on Instinct In Nature, April 10th, 1873, 
+ Half Hours with Insects, p, 374. 
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GLOSSARY, 
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Aomes. In mammals the part 
‘Of the trunk below or behind the 
‘Whorax ; in insects the third re- 
gion of the body, or hind body, 

Avennaxr, Departing from the 
regular or normal type. 

Aponat. Opposite the oral or 


La 
Ending ins pro- 


point, 

Auvnovrs. A hollow cavity 
forming the socket In tho jaw 
of vertobrates for the teeth. 

Asmotacnee (Lat, from amb 
lare, to walk, a garden-walk). 
"The perforated space or area in 
the shell of the sea-urchin of the 


arm of a starfish, through which | 


the foot-tubes or ambulacral 
foot are protruded. 

Axerancurc (Gr. 5, 
tmetabels, chunge). Weferring to 
Insects att other animals which 
do not undergo & metamorpho- 
nls, 


Asournovs (Gr. a, 
morphe, form). 
nite figure ; shapeless ; espectally 


privitiv 


without ; | 


Without » def. | 


running into each other like 
veins, 

Axcuyiosm The growing to- 
gether of two bones s0 a8 to pre- 
vent motion between therm. 

ASNULATE. When a leg of antenns 
is surrounded by narrow rings 
of a different color. 

ArtacerraL. Referring to those 
mammals in which tho embryos 
are destitute of a placenta, 

Apopovs, Footless. 

Arrenovs (Gr, «, without ; pero, 
wing) Dostitute of wings. 

Aquirerovs (Lat. agua, water; 
Jere, 1 carry), Applied to the 
‘water-carrying of Water-rascular 
ayatem of the sponges, etc. 

Axsotats. Furnished with amall 

reas ; like a net-work. 

Anmrate, Furnished with a hair, 

Axtanoropa (Gr, a, without; 
arthros, a joint; pour, guvloa, 
foot) These Articulata with 
folnted foot, 

Awnounata (Lat, cartiewhus, dl. 
minutive of ortw, s fol) 
Cavier's sabkingdom of worms, 
erustacea and Insects, 


ipplicable to sponges. 
Astrintcottave (Gr. amphi; hollos, | AerropacryLa (Gr. artion, even ; 


hollow), Applied to vertetine | 

which aro doubly concave, or | 

hollow wt both ends, 
Axamromontxo. 


daktolos, Inger or woh ‘Thore 
Ungulates with an even number 
of loos, as the ox. 


Inosvutating or! Asuxvan. Appliod to animals, 





GLOSSARY. 


ee 
process of casting in 5 
~ maoatiny, 


TA (Gr. echines, a 


Wedlgehiog or urchin ; hence ap. 
and 


to the sea-urchin 
skin). The fourth sub: 
of nnimals, 


(Ge, slutron, « sueath). 


Wings of boethes, sere. | 


‘Gover or sheathe the hind 


That part of the face 
situntod Hotween the 





Equmarenat, Having the sides 
‘equal, as in Brehlopod shells, 
Equtvanye, Applied to shells like 
the clams and most Lamell}- 
branchs, which are composod 
of two equal pieces or valves, 
Exsesrep. Protruded , opposed 

to enclosed. 
Exovivm. Cast-off skin. 


Fisarpanous (lat. fleus, cbeft ; 
porto, to being forth), Appliod 
to a form of asexual goperation 
where the parent splits Into two 


Gemmirarous gemma, bud; 


parte, to bring forth) Applied 
spencration 


to a form of asexual 
where new individuals arise a 
buds from the body of the 
parent, 
Guammovs. Smooth ; opposed to 
hairy ; downy, villous, 
Gavoovs, Blulsh grees or gray, 


Hiewan (Gr, Aadna, blood), 
Connected with the blood-ves- 
sels or heart. 

Havrenes (Gr. Aalteres, poisers). 
Balancers; the rudimentary 
hind wings of Diptera, 

Hausre.uatre. Furnished with « 
proboscis so ns to take fool by 
suction, 

Heacirrena (Gr, hemd, half; pterom, 
wing). Anonder of insects with 
tho fore-wings partly opaque, 
honce callod bemelytra. 

Heomarunoperrs (Gr, Hermes, 
Mercury ; Aphrodite, Vous). 
Any unimal having the organs of 
both sexes, mally the ovary 
nod testes, combined in thi same 
individual, 








GLOSSARY. 


ovs (Lat. ovum, an egg ; 
» L Weing forth) Applied 

“t animals bringing forth eggs 

Enatead is living, active young. 


ibstances. 
cA sacor bag-like mom. 
“Hiratie attached to the parent, 


= “atid containing eux. 


OVo-vivirances (Lat. oewm, an 
OEE ; wea, nllve ; pario, I bring 
forth). Apptiod to such animals 
‘A etain their eges in the body 
until they are hatched. 


Pacem (Lat. acloak). The man- 
‘He oF bedy-wall of mollusks, 
Which secretes the shell; adj. 


-paltint. 
contig (Gr. paregekuma, 
trom pora, en, chuo, something 
‘poured in besides). 
‘the proper substance of viscera, 
‘excluding connective ae 


mid-oocan, 

Prnisomx (Gr. peri, around ; «ems, 
ody). In Cripoids the oral re 
Blom of the cup or body. 

Pennerxumancurara (Lat, per- 
inde, perennial ; branchia, gill). 
‘Those Batrachia which retain 
‘thelr gills throughout life. 

Prnmeopacryna (Gr, periae, un- 
even ; daktlor, finger), Those 
Vngulates with an uneven num- 
‘ber of wes, 1s the horse, 

Pearroxnxom (Gr. peri, around ; 
feino, Utxetch), The membrane 


Applied to} 
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lining the abdominal walls and 
covering the enclosed viscera, 

PenivecenaL (Gr, peri, around , 
Lat. eiseera, the internal organs, 
especially of the abdominal cay- 
ity). ‘The body-cavity contain- 
ing the alimentary canal with 
its outgrowths, 

Picrovs. Pitchy; the color of 
piteh ; shining reddish black. 
Prioss, Clothed with pile, or 

dense short down, 

Prxxvs (Lat. a knot) Applied 
to a knot-like mass of serves 
or blood-vessels. 

Pouyripn or Pouyrrre, The 
separate unimals of a Hydro- 
zoo. 

PREORAL. 

Process. A projection ; 
chiefly in osteology. 

Procartovs (Gr. pro, front ; koiloa, 
hollow). ‘Those vertelre con- 
cave or hollow in frost, 

Pnaorornasm (Gr, protos, first ; 
plama, from plas, I mould), 
The albuminous, 
matter forming cells and the 
body-substance of Protos, 

Puoxman (Lat, prorimus, next), 
‘The fixed end of a Iimb, bone of 


Tn front of the mouth, 
used 


Paxuporonta (Gr. paeudes, faleo ; 
podes, foot), The temporary pro- 
‘conses sent out from the bodies 
of Protoeoa, 

Prenoropa (Gr. pleron, wing ; 
podes, feet), A clum of pelagic 
mollusks. 

Ponxscunr. Coated with very 
fine hairs, 

Poxcrunsp, Marked with nu- 
merous small dots, 

Pera (Lat. 9 doll), The tind or 











‘One of the bones of the spinal 

colamn or backbone, 
Vexricutate. Placed in whirls, 
Veestcue (Lat. cexiea, a bladder). 


nal organs of the body. 
Viviranove (Lat, efews, alive ; and 

pario, Ubring forth). Applied to 

‘fnimals which bring forth thelr 


forms which have a marked in- 
dividuality, and which might be 
mistaken for genuine individa- 


als, 

Zoornrrs (Gr. soon, animal ; piu- 
fon, plant), Applied to the 
plant-like polyps, sertularlans, 
and sponges. 





} 





INDEX. 


 Achorutes nivicola, 904 
Acineta, 34 
Acipenser sturio, 427 
development of, 497 
Actania, 401, 405 
Actleros Carpenteri, 205 


Actinoplirys 20}, 27 
Actinospherium, 26 
OL 
budding of, 77 
Adaptation of aulmals to their sur- 


Alea impennis, 541 
Aleyonaria, 85, 91 


Alligator Minsissipplensis, 514 
AMlopecias valpes, 420 

Alona mphitesiisa, 450 
Alpheus, 315 


Alytes obstetricans, 484 

Amaroclum, 200 

Ambergris, 593 

Amblyopsia spelaas, 43 

Amblythynchus, 504 

Amblystoma mavortium, 479 

Amina enlvn, 433 

Amiurus lynx, 443 

Ammocentes, 410 

Ammonites, 280 

Aworba, 3, 17, 22 

Ampelis cedroram, 855 

Amphibia, 404 

Amphioxus, stracture of, 469. 
development of, 407 

Amphipoda, 305 

Amphisbana, 502, 500 

Amphitrite cirrata, 285 
ornate, 209. 

Ampullm of Echinoderms, 97 

Anabos seandens, 457 

Anadromous fishes, 451 

Apalogy, 12 

Anas boschas, 543 
obscura, 513 

Anchitheriam, 002 

Ancistrodon eontortrix, 500 
plecivoras, 500 

Andrena, 384 

Andrias Scheuchzeri, 470 

Anemone, sen, 74 

Anglo, facial, 626 

Anglor, 442, 460 

Anguilla aentirosteis, 446, 

| Anguillula acet!, 170 

| tritiel, 170 














Anteater, spiny, 573 
Ant, white, 367 


pra Americana, G 
‘Dorea, 85 
Anura, 43 439 
Apes, 1 
Aph's. 371, 633 

Keon, 367 
Apis me'lifica, 385 
Aploceros. montanus, 610 
Apodes. 446 
Appendicularia, 199 
Apterrs, 338 
Aptornis, 538 





INDEX, 


Atriam, 198 

‘Auk, grest, 541 

Aurelia aurita, 63 
favidula, 65 

Auricularia, 182 

Auroch, 613 

Autechinida, 128, 126 

Antolycus, 235 

Aatomate, animals as, 682 

Aves, anatomy of, 518, 525 
character of, 518, 567 
development of, 632 
feathers of, 623 
moulting of, O34 
nesting habits of, 536 
sexual colors of, 535 
skeleton of, 518, 519, 521 
songs of, 535 
topography of, 520 

Axinolla polypoides, 48 

Axolotl, 470 

Aye-aye, 610 


Banoos, 620 
Balena mysticetus, 502 
Baleniceps rex, 515 
Balenoptera boops, 592 
Balanoglossus aurantiaens, 219 
Balanus balanoides, 203 
Balatro, 179 
Baphetes, 483 
Barnacle, 203 
anatomy of, 203 
Barramundi fish, 430 
Bathycrinus, 101 
Bats, 583 
Batrachia, broeding habits of, 434 
characters of, 464, 487 
development of, 476 
gills of, 408 
poison of, 475 
reproduction of lost partsof, 
481 
skeleton of, 405 
teeth of, 407 
viviparous, 479 





Bear, 015 
Beaver, 584 
Bee, 379, 385 
Beetles, 872 
oll, 873 
Belone longirostras, 454 
Bilateral symmetry of Ctenophora, 
02, 93 


Echinoderms, 0, 120 
Bilharsia hematobia, 152 
Bill fish, 454 
Bimana, @24 
Bipallum dendrophilas, 143 
Bipinnoria, 113 
Birds, diving, 541 

of prey, 548 

perching, O61 

raptorial, 548 

swimming, 543 

{Also sce Aves.) 
Dison, 611 
Bladder, swimming, of fishes, 442 
Blastoides, 107, 100 
Blind fish, 442, 444, 453 

shrimps, 815 
Bilasas leucopterus, 370 
Blister beetles, 878 
Blood, circulation of, 635 
Blood carpuseles, 8 
Blue-fish, 455 
Boa-constrictor, 496 
Bolina alate, 92, G3 
Boltenia reniformis, anatomy of, 

107 
Bonellia viridis, 224 
Bootherinm, 610 
Bopyras pandalicola, 908 
Boa longifrans, 612 

primigenius, 612 

taurus, O13 
Bot fly, 875 
Rothiriocephalus Iatus, 180 
Box-fish, 463 
Brachiata, 101, 100 
Brachiolaria, 113 


| Brachionus, development of, 178 
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Brachiopoda, development of, 192 
structure of, 188,192, 106 

Brachypyge carbonis, 314 

Bradypus tridactylus, 579 

Brain coral, 80 

Branchinectes Coloradensis, 306 


Bruta, S77, 629 

Bryozoa, 180 

Babo Virginianus, 549 

Baccinum undatum, 208 

Bacephalus cuculus, 150 

Budding In Ascldians, 202, 212 
Hydroids, 54 
Tnfasoria, 37 
Medusa, 00 
Polyps, 77, 83 
Starfish, 110 

Bafo ietericus, 475. 

lentiginosus, 485 

Bugs, 370 

Bustard, 640 

Batcher bird, 

Battertly, 377 

Buzzard, turkey, G18 
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Caciretor, 503 

Caddis tly, 967 

Caiman, 515 

Cayman, 515 

Culeispongie, 46, 49 

Caligas curtas, 209 

Calligoathus simus, 504 

Callorhynchus, 424 

Caloptenus spretas, $38 
femurrabram, $23 

Calyptneas sinensis, 263 
miata, 263 
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Camarasauras, 515 
Cambaros peilucidus, 315 
M4 


Cancer Irroratus, 313 

Canis caribmus, G17 
domesticus, 617 
extrarias, 617 
farniliaris, 616 
Litmans, 617 
Teporarlus, 617 


Carckarias gangeticus, 421 
Caniium pygmmum, d 
of, 253. 

Cariacns Virginianim, 609 

Caribou, 609 

Carinates, 41, 637 

Carneospongem, 47, 49 

Caraivora, 614, 629 

Carp, 433 

Caryocystites, 108. 

Caryophyliaens, 161, 162 

Cassowarles, 589 

Catarrhine, 620 

‘Cat, anatomy of, S64 
civet, G17 
domestic, 617 

Catfish, 443 

Catenula lemnm, 144 
qanterna, 344 

Cathartes atratus, 548 
aur, 548 

Cattle tick, 800 

Candina nrenats, 134 





Cavolinn tridentata, 258 
Cebas, 620 
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Cophalaspis Lyellii, 497 
Cephalization, 289, 314, 405 
Cephalophora, charactors of, 267 
‘classification of, 272 
Cephalopoda, characters of, 273 
classification of, 233 
development of, 278 
Cephalopteras diabolus, 424 
Cophaluln, 177 
of worms, 238, 234 
Cerntodus Fosteri, 429 
Cercaria eystophora, 150 
echinata, 150 
Corcaria, history of, 147 
Cercoleptes, 615 
Cercopithecidw, 620 
Cerlanthus borealis, 79 
Cermatia forceps, 858 
Corvus Canadensis, 600 
Ceatodes, stracture of, 153, 163 
‘Cestracton, 416 
‘Cotacea, 501, 629 
Cote, 591, 620 
Cotlosauras, 615 
Chotoderma nitidulam, 224 
Chetognathi, 174, 175 
Chimtopods, 236 
‘Chantosoma, 170 
Chalioula ocalata, 43 
Chameleon, 50% 
Charybdea, 62 
Chefromys, 610 
Chelifer, 362 
Chelonia, anatomy of, 505 
characters of, 504, 517 
Chelydrn serpentina, 510 
Chick, developnient of, 646 
Chiliehthys targidus, 462 
Chilognatha, 350, 385 
Chilomycteras geomoteicus, 402 
Clilopeda, 58, 336 
Chimera, 425 
plombea, 425 





Chimpanzee, 022 
Chincl-bag, 870. 
Chirodota love, 194 
Chiroptera, 583, 620 
Chirotes, 502 
Chiton, nervous system of, 268 
Chiton raber, 268 
Chondroganoldel, 427 
Chorda dorsalis of Ascidians, 200 
Chordelles Virginianus, 551 
Chrysemys picta, anatomy of, 600 
Chrysothrix, 620 
Chub, 453. 
Chab sucker, 443 
Chyle of polyps, 77 
Chyme of polyps, 75 
Cicada, seventeen-year, 371 
Cidaris nutrix, 122 
Ciliary motion, 143 

ata, 35, 40 
Cinelides, 75 
Cinura, 365 
Cirratalus grandix, 296 
Cirripedia, 202, 825 
Clatenides Gonldil, 296 
Cladocera, 200 
Cladodactyla erocen, 133 
ch atomy of, 242 
Clamatores, 652 
Classification, 13 
Clepsine, embryology of, 298 
Clidiophora trilineata, 250 
Climbing fish, 457 
Cliona sulyhurea, 49 
Clione papillonacen, 259 
Clupea harengas, 450 
Clymenella torquate, 230 
Clypenster, 123 
Coat, 615 
Cochineal insoet, 871 
Cod, 453 
Codosiga palcherrimas, $3 
Corcilia, 489 
Canlenterata, 51 
Connosare of coral polyps, 85 
Coleoptera, 372, $36 











classificatic 
digestive c 
nervous sy: 
water-rasci 
Cueali, 351 
Cama, 313 
Cumacta, 314 
Cunina octonaria, 
Canner, anatomy 
Curlew, 545 
Cuttle-fish, 273 
gigantic, 2¢ 
Cyamus ceti, 311 
Cyanea arctica, 67 
Cyclocardia novan 
Cyclops quadricor: 
Cyclostomata, 401 
Cyelostomi, 409 
Cymothos, 308 
Cynthia pyriformi, 
Cyphonaates, 187 
Cyprea moneta, 2) 
Cyprinus, 453 
Cypris, 299 
Cysticareas cellule 
Cystid, 181 
Cpstider, 108, 109 


Cytode, 6 


Deltoeyathus Agossiail, 80 
Dendrocela, 145 
Dendroceslum lacteum, 141, bit 
peremcam, 113 
Dendroea virens, 635 
Deotalium, 257 
Desmosticha, 123 
Dovil-fieh, 424 
Diatryma, 140 
Dibranchiata, 299, 234 
Dieyema, 130 
Dicyomella, 140 
Dicynodon, 512 
tigriceps, 513 
Didelphia, 571, 093 
Didelphys Virginlans, 575 
Didus ineptus, 547 
Diemyetylus viridescens, 481 
Differentiation, 6 
Digestion, organs of, O21 
Digestive canal, 9 
Dimorphiam, 654 
Dingo, O17 
Dinichthys Torrelli, 431 
Dinornis gigantous, 533 
Dinosauria, 515, 517 
Dinotherium, 599 
Diomedea exulans, 542 
faliginosa, 543 
Diploria cerebriformis, 80 
Diplozoon paradoxarn, 152 
Dipnol, 425, 425, 428 
Diptera, 
Diseina, 1 
Diseophora, 62, 72 
Dispersal of animals, 600 
Distomum crassum, 151 
development of, 147 
heterophyen, 151 
Jonceolatum, 151 
inncrostomum, 192 
ophthalmobiam, 151 
Distribution, geographical, 653 





Dog, varietios of, G17 

Doliolum, 201, 208 

Dolphin, 455 

Doris, 265 

Dorosoma cepodianam, 443 

Dove, 47 

Drutn-fish, 443 

Duck, black, 643 
canvas-back, 543. 
cider, 513 
summor, 543 

Dugong, 596 


Excuse, bald-headod, 148 
Ear, G4 

of clam, 245 

of crustacen, 201 
Ears of marmmals, 5h 


Feardines, 190 
Echeneis remora, 454 
Echidna kystrix, 673 
Echinarachnias parma, 123 
Echinococcus, 159 
Echinodores, 179 
Echinodermuta, blood aystom of, 
100, 190 
characters of, 96 
direct development of, 114, 
191, 198 
“heart” of, 100, 104 
metamorpboses of, 100, 113, 
120 
nervous system of, 07, 104 
skeleton of, 97, 118 
viviparoas, 110, 121, 128 
water-vascalar synten of, Of 
190 
Echinoidea, 117, 123 
Echinorhynchus angustatus, 166 
clavicops, 106 








Fertilization of egg, O44 
fer, 459 

Filaria hematica, 170 
Jentle, 170 
medinonala, 169 

* sanguinis-hominis, 170 

Fishes, see Pisces. 

Fishes, anatomy of, 434 
ony, 434 
characters of, 411 
climbing, 457 
development of, 445 
Elasmobranch, 414 
fins of, 411, 423, 
ganoid, 425 
lateral line of, 442 
‘mucous canal of, 442 
respiration of, 442 
sounds produced by, 443 
spiracle of, 417 
teeth of, 410, 442 
viviparous, 418, 444 

Fish-hawk, 548, 

Fish-lice, 207 

Fission in Planarinns, 144 

Flabella: angulare, 0 

Flagollata, 31, 40 

Flamingo, 644 

Flea, 377 
sand, S11, 876 
woow, S04 
water, 200 

Flounder, 459 

Fluke-worms, 147 

Fly, bot, 375 
house, 874, 875 

Plying-fieh, 453 

Foraminifera, 24, 97 

Forficula, 803 

Fousil jelly-fishon, 71 
sea-urchins, 125 
starfishes, 116 

Frog, 487 
anatomy of, 470 

Foliguls vallisneria, 543 

Vungla, 82 
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Gapvs wonriva, 453 
Galago, 619 
Galeopithecus volans, 583 
Gall-flies, twowinged, 377 
Gall-tly, hymenopterous, 880 
Gallinago Wilsonll, 545 
Gallinula, 54, 545 
Gammarus robustus, 311 
Gampeonysx, 900 
Ganglion, 8 
Ganocephala, 483 
Ganoidel, characters of, 425, 463 
development of, 432 
Gare fowl, 541 
Garpike, 431 
development of, 433 
Gastorostemr, 450 
Gastreades, 140 
Gastropoda, 259, 273 
Gastrotheca, 485 
Gastrotricha, 170 
Gastrala, 43 
Gavial, 514 
Generations, alternation of, 652 
in Ascidiane, 210 
in corals, 83 
in Tromatodes, 147 
in worms, 235 
Geographical distribution, 658 
Geological succeasion, 658 
Geophilas bipunetleeps, 29 
Geoplana flava, 142 
Gephyrea, development of, 223 
atractare of, 221, 235 
Gerardia, 85 
Germigono, 141, 7 
Geryonia, 02 
Giant bint, 45 
Gibbon, 021 
Gills, 637 
Gizzard-shad, 443 
Gland, groen, of lobster, 201 
Glassdnuke, Opbeosaarus, G03 
Glirea, 582, 620 
Globo-fish, 403 
Globicephalas brachypteras, 505 
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Horse, genealogy of, 602 
races of, G04 
House-fly, 874 
Hamming-bird, 551 
Hyalonema boreale, 43 
longissimum, 48 
Hybrid ducks, 543 
Hybridity, 657 
Hydatids, 158 
Hydra, anatomy of, 62 
development of, 56 
vulgaris, 82 
Hydractinia echinata, 56 
Hydrolden, 52, 72 
Hydrogon, $2, 71 
classification of, 73 
nervous system of, 02, 65 
organs of taste in, 63 
Hyla Pickeringii, 484 
Hylobates, 622 
Hylodes Martinicensis, 485 
Hymenoptera, 370, 387 
Hyocrinus, 102 
Hyogunoidei, 431 
Tiyperia, 68, 811 
Hyperoartin, 410 
Hyperotetra, 410 
Hypobythius calyeodes, 202 
Hypodermis, 289 
Hyrncoiden, 599, 629 
Uyrax, 599 


Tuna, 203 

Ichneumon fly, 381 

Ichthyopterygia, 511, 517 

Ichthyornis, 588 

Ichthyosaur, 512 

Idotiea, nervous system of, 906, 
310 

Idyla roseoln, 93 

Tgaana, 504 

Iguanodon, 515 

Individuality, 656 

Tneducabilin, 582 

Infasoria, 31, 40 

Inheritance, law of, 11 





Insectivora, 87, 629 

Insects, anatomy of, 828 
brain of, 339 
characters of, 827 
classification of, 385 
digestion in, 336 
ears of, S15, 
eye of, 345 
aanbryology of, S49 
locomotion in, 847 
metamorphosis of, $28 
parthenogenesis in, 353 
polymorphism in, 368 
respiration of, 343 
senses of, 340 
useful, 354 

Instinct, natare of, 680 

Tsopoda, 305 

Tsurus punctatus, 420 

Ixodes albipictus, 350 
bovis, 360 


Jaccavs, 6 


Julas, 356 


Kaxcanoo, 575, 577 
Katydid, 676 
Killer-whale, 595 
King-bird, 553 
King-crab, 817 
Kinglet, 55 
Kiwi-kiwi, 583 
Kogla Floweri, 594 


Lasynenritrer, 457 

Labyrinthodon, 482, 483 

Labyrinthodonti: 

Lacertilin, 501, 517 

Lachnosternn faxen, 372 

Lactophrya trigonus, 482 

Lavlaps, 515 

Lagopus Ieucurus, 646, 547 

Lamellibranchinta, 243 
classification of, 256 
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Lytta marginata, 373 


Macacus, 620 
Machilis, 365 
Mackerel, 456 
Macrobiotus Americanus, 301 
Mucropus thetidis, $77 
Mactra lateralis, 249 
ovalis, 251 
Madrepora corvicornis, 82 
Mandrina, 80,81, 84 
Magpie, 554 
Malacopoda, 355, 885. 
‘Malapterarus electricus, 449 
Male fishes, obstetrical habits of, 
449, 461 
Mallotus villosas, 452 
Maramalla, anatomy of, 564 
charnoters of, 557, 628 
development of, 566 
ears of. 563 
hair of, 561 
horns of, 564 
Timbs of, 560, 
music of, 569 
sexual differences of, 560 
skeleton of, 558 
tooth of, 562 
Mammals, development of, 649 
Mammoth, 598 
Man, embryology of, 650 
origin of, 627 
relation to apes, G24 
skull, 626 
varletios of, 027 


Marvupialia, 574 


‘Marsipobranchil, characters of, 
400, 410 





Mastodon piganteum, 590 
May ily, 867 
Meckelia ingens, 213, 
Medusa, 50 
Megalops, 318 
Megapodius, 546 
Megatherium, 79 
Melanogrammus sglefinus, 453 
Melipona, 385 
Mellita testudinata, 123 
Melo’ angusticollis, 873 
Melospizs, 655 
Membran!pora piloss, 186 
sollda, 180 
Merory of animals, 631 
Menhaden, 450 
Menobranchus, 478 
Menopoma Alleghanienals, 470 
Merostomata, 317, 326 
Menenteries of polyps, 75 
Mesoderm, 6 
Mesojonistias chostodon, 45 
Mesoliippus, 602 
Mesozon, 130 
Metabola, 364 
Metamorphosis, 651 
ef Batrachia, 476 
suppressed, 477, 485 
of crustacean, 313, 
ofechinoderins, 105, 110,112 
Metridium marginntam, 74 
Miastor, 653 
Microsauria, 48%, 483 
Microstomum Huncare, strobllation 
in, 145 
Midas, 620 
Migrations of animals, O07 
Millepedes, 356 
Millepora aleleornis, 57 
nodosa, 57 
Milnesiam tantigradum, 361 
Mimicry, protective, O73 
Mimetes niger, 622 
pithoens, 621 
find, in animals, G83 
Miohippua, C02 
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Nighthawk, 55t Orvhippus, 602 
Noetiluea miliaris, 33 Orthagoriscus oUlongus, 462 
Noises produced by fishes, 442, 443 | Orthoptern, 368, 396 
Notacanthus, 446 Oscines, 552, 553 
Natochord of ascidians, 200 Oscula of sponges, 43 
Notommata, 177 Osmerus eporlanas, 452 
Nototrema marsupistam, 485 mordax, 452 
Noditranch molluscs, 205 Osprey, 548 
Numerlus longirostels, 545 Ostracoda, 200 
Nammulitos, 25 Ostrich, 530 
Wares of trematode worms, 149 Otoeyat, 270, G41 
Nyctea nivea, 549 of clam, 245 
of worms, 143 
Oevtara, 80 Ova, winter, of planariens, 145, 
Oetaenewus bythius, 202 of polyzoa, 187 
etopod ceplinlopoda, 280 | of Rotatoria, 178 
Octopus Bairdii, 282 ‘Ovibos moschatas, 610 
punctatus, 283 | priscus, 610 
Oilontophoro, 276 | Oris aryl, G10 
‘Odentornithes, 587, 557 aries, 610 
(Reodoma, 382 montana, 610 
Oligochaets, 236 | Owl, 543 
Onehidiam, 257 | Ox, 612 
‘Oniscos murarius, 207 Oxyuris vermicalaris, 107 
‘Operculum of gastropoia, 261 Oyster, pearl, 252 
Ophidin, 496, 517 
Opliocoma vivipars, 110 Papotm rian, 427 
Ophiopbolis bellix, 110 Palwocarida, 202, 315, 896 
Ophiurides, 109, 116 Palwontotogy, 16 
Opiathodelpliys ovifera, 435 Palameden corniutn, 546 
Opilathom), 446 Palapterys, 588 
Opossum, 575 Palechinida, 12%, 126 
Orang, 22 Palisade worm, 108 
Oren gladiator, 625 Paludieella, 183 
Oreortys pictus, 540 Pandion halinitus, 548 
Organlsma, 6, 23 Pangolin, 680 
‘Organs,comparatire anatomy of, 031) Panopaa arctica, 250 
of clrenlation, 685 Paragorgin arborwn, 86 
of digestion, 681 Parameciam caudatum, $5 
of respiration, 037 Parr, 452 
Parroquet, 550 
Parrot, 50 
Parthenogenesis, 54, 633 
in oxcidinns, 213 
Oenithodolphin, 571, 623 Partridge, 46 
Ornithosauria, 516 Pameren, 531 

















: Phrynosom: 
Phylactolex 
Pelodytes (a genas of frogs), 484 | Phyilocarid 


(a genus of thread worms), | Phyllopoda, 








164 Physa heter 
Pelomyxa palastris, 24 | Physalia are 
Pelopeas, 33. Physeter m 
Pe m6, 297 Physiology, 
Pelrensaaria, 512 | Picarie, 550 
Penella, 298 Pigeon, ana’ 
Penguin, 541 Pilidiam, 21 
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acaleata, 86 Pill bug, 30 











Pentacrinus, 101 | Pipa Americ 
Pentacta froudosa, anatomy of, 127, Pipe fish, 46 
Pentastoma, 361 Piraruca, 44 
Pentremites, 107 Pisces, chat: 
Perea fluviatilis, 455 devel 
Perch, 435 Pissodes str 


sea, anatomy of, 434 Plagiostomi, 


Peridinium, 34 Plagasia, 46 
Peripatus, anatomy of, 355 Planarian w 
Perisarc, 61 land, 

Periseodactsla, 69 lasso- 
Perla, 367 nervot 


Perophora, 201 parasi 





‘Polycladus Gny!, 
‘Polydora, development of, 283 
Polykrikos, 37 
Polymorphiam, 654 

in insects, 808 
Polyodon follum, 428 


Polypterus bichir, 481 
Senegnins 431 

Polystomem, 1 

Polystomum integerrimum, 153 

Polyzea, development of, 185 
Mructure of, 180, 188 

Polyzoarium, 181 

Pomatomus saltatrix, 455 

Pomolobas pseudoharengus, 

Porotis, 455 

Poreellio, 306, 810 

Porcupine fish, 402 

Porifera, 42,49 

Porphyrio cerrulescens, 645 

Porpolse, 605 

Porsana Corolina, S44 

Portuguese man-ot-war, 9 

Potamotrygon, 424 

Pourtalesia, 124 

Prestwichia rotundatus, 829 

Primates, 619, 029 

Primnoa reseda, 86 

Pristis antiquoram, 421 
Perrotell, 421 
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Probosciden, 597, 620 
Procyon lotor, O15 2 
Proglottis of tape worms, 156 
trematode worms, 150 
Prorhynchas, 216 
Proecolex of tape worma, 156 
trematode worms, 150 
Prosimim, 618 
Protamaba, 19 
Protaster, 111 
Protective resemblance, 487, 675 
Protelda, 478, 488. 
Proteus, 478 
Protista, 2 
Protohippus, 602 
Protomonas amyli, 19 
Protomyxa, 10 
Protomyxa aurantiaca, 10 
Protoplasm, & 
Protoplasta, 8t 
Protopterus annectens, 430 
Protozoa, 17, 41 
contractile vealeles of, 82 
Peeudes paradoxa, 487 
Pseudobranchas striatus, 473 
Proudocrinus, 108 
Pseudofilarin, young of gregarina, 
30 


Paeudomys, 510 
Pseudopleuronectes Americanus, 
400 


Pseudopodia, 23 
Pseudopus, 602 
Psolus ephippifer, 123 
Psychology, 12 


Pterosauria, 516, 517 
Prerotraches coronata, 371 
Ptyelas linentua, 378 
Paffer fish, 402 

Palex trritans, 870 
Palmoanta, 265 





Quonos, 249 


Raccoon, 615 
Radiolaria, 26, 27 
Rail, 544 

Raja eglanteria, 499 


sting, 424 
Reasoning power of anh 
Redia of trematodes, 150 
Reefs, coral, formation ¢ 
Reindeer, 669 
Renilla reniformis, 86 
Reproduction, 13, 648 
Reproduction of lost part 

drozoa, 53 





platyrhynchus, 


257, 272 
ns undulatus, anatomy of, 


of tape worms, 156 
eremsiods ‘worms, 150 


INDEX. 













Sheep, musk, 610 
Sheep hydatid, 160 
Shells, fossil, 270 
Ship worm, 250, 204 
Showt'l, 185 

‘Shrew, 587 

Shrike, 555 
Shrimp, 812, $14 
Sid 


Siphoniata, 256 
Siphonophora, 68, 73 
Siphonops, 483 
Siphydora echinoldos, 47 
Sipuncalas, 291, 294 
Siredon, 479 
Sirenia, 595, 629 
Siren lacertina, 478 
Sivatherlom, 605 
Skates, 421 
development of, 419 
Skull, brachycephilic, 627 
dolicocephalic, 627 
Slag, 265 
‘Smelt, 452 
‘Smott, 453 
Smyntharus, 304 
Snail, 265 
Snake, hooded, 499 
striped, anatomy of, 40% 
Snakes, 496 
protective coloration of, 497 
viviparous, 497 
545 


Snow-flen, 304 

Solaster endeca, 115 
Solitaire, 547 

Somatoria mollissina, 543 
Somite, 236 

Sorex platyrhinas, 587 





, O46 
ating septentrionalia, 183 
development of, 192 


Thrips, 370 
‘Thyowe li anatomy of, 131 





Thysanura, 364, 896 
Tick, 859 
Tinamous, 547 
Tipula, 877 


epithelial, 7 
fibrous, 7 
gelatinous, 7 
muscular, 8 
nervous, 8 
TiHanophis, 600 
Toad, 485 
horned, 03 
metamorphosis of, 477 
poison of, 475 
spade-foored, 494 
Tomocerus plambeus, 364 
Tooth shell, 207 
‘Torpedo marmoratas, 423 
ecoldentalis, 423 
Tortoise, 510 
Touch, organs of, in erustaces, 201 
molluses, 270 
Toxodontta, 600, 629 
‘Trachymeduse, 62 
‘Trachystomata, 478, 487 
‘Transmission, law of, 11 
‘Trematodes, structure of, 146, 163. 
development of, 147 
papa of, 149 
Trichina spiralis, 109 
Trichocepbalas diepar, 160 
‘Trigla, 443 
T Healus, 490 
Trilobita, young, 828 
Trinuelous, young of, S33 
Triton, 478 
‘Trivia californica, 259 
Troehilas colubris, 651 
‘Trochosphere, 250 
of polyzoa, 186. 
of worms, 147 














Worms, nemertean, 216 


parasitic, 145, 146 
phosphorescent, 237 
round, 163 
strobilation in, 144, 145 
tape, 153 

thread, 163 


trematodes, 146 
Worm, whale’s tongue, 219 
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Wren, 555 
Xirtosona, 324 


Zevovopos, 595 
Zoantharia, 79, 91 
Zoanthas, 70 

Zoka, 313 
Zodgeography, 16, 058 
Zodids. 202. 210 

















